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Architects : The Ministry of Education, Kingston, Jamaica, ir 


RICHARD HILL LTD 


(ESTABLISHED 1868) . 
REINFORCED CONCRETE ENGINEERS — 
MIDDLESBROUGH - YORKSHIRE —ss 
Telephone: MIDDLESBROUGH 2206 


Richard Hill Ltd. designed the reinforced con- 
crete foundations, frame and floors of the 
Kingston Technical School, Jamaica, and 
supplied all the Maxweld reinforcement bars and 
fabric. For more information ring Middlesbrough 
(2206), London (Mayfair 3538), Birmingham (Mid. 
5625), Manchester (Central 1652), Leeds (2-7540), 
Bristol (24977), Glasgow (Central 2179). 
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The hugh quality of British structural steel 


1s now recognized by the sanctioning of higher working stresses. 
More efficient columns and beams, new methods of 

sign and fabrication — all combine to reduce the amount 

of steel and labour required, and thereby to reduce the cost. 


The result: an overall saving. 


STEEL-FRAMED spuizpines 
IVE GREAT ARCHITECTURAL SCOPE WITH ad | Pasta ees 
UNQUESTIONED STRUCTURAL SECURITY 


RITISH CONSTRUCTIONAL STEELWORK ASSOCIATION, WESTMINSTER, S.W.I 
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\forge welded 
Sarit cost open steel 


In stallation 


Maintenance flooring 


FISHER & LUDLOW LIMITED 


FLOORING Diviele 


ee BIRMINGHAM NEW ROAD - TIPTON - STAFFORDSHIR 
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Building, Civil 
Engineering and 
Reinforced Concrete 


Contractors 


contractors for 
the new Chemical 
Warrington and London Building for 


A. MONK & COMPANY LTD 


Offices at: Hull, Middiesbrough & Stamford 


Joseph Crosfield & Sons Ltd. 
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can PROPANE 


Saye YOU GheA ER. OUT P.UT? 


Does your type of production call for Propane? British Only British Oxygen Gases has this breadth of experience 
Oxygen Gases will give you an unbiased answer. Because and only British Oxygen Gases can offer you such a com- 


British Oxygen supply gases for all purposes, they can plete delivery service of industrial gases .. . in cylinders, 
help you from experience to choose the most efficient, or in bulk from their nation-wide tanker fleet— and lend 
most economical gas for your particular production needs. you storage tanks as well if you need them. 


BRITISH OXYGEN GASES LIMITED © (QQ) conn 


SPENCER HOUSE, 27 ST, JAMES'S PLACE, LONDON S.W.1. 
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The 


CONTRACT JOURNAL 


published every Thursday, The CONTRACT JOURNAL 
will bring you the latest news of — 


Construction methods, plant and 


materials 

2/- per copy Pac Major building and civil engineer- 

Annual subscription: ing works at home and abroad 

£5 - 4° 0d post paid Professional institutions, trade 
organisations and commercial 
undertakings 


Political and legal topics affecting 
the constructional industries 


Specimen copy free on request from 


THE CONTRACT JOURNAL COMPANY LIMITED 


32 SOUTHWARK BRIDGE ROAD, LONDON S.E.1. Tel. WATERLOO 3411 
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SCHOOLS 


Comprehensive High School, Putney, S.W.15. 
\Courtesy of the London County Council) 


Ie, 


HOUSES 


Maisonettes at Wanstead, 
(Courtesy of the County Borough 
East Ham and Frank Bilton (Lonc 
Ltd.) 


Flats at Roehampton, §,W.15. 
(Courtesy of the London County Council) 


TOWERS & PYLONS 


Television Tower, Crystal Palace (Courtesy of Bri 
Insulated Callender’s Construction Co. Ltd.) 


BRIDGES 


Bridge over River. Colne, 
St. Albans By-pass. 
(Courtesy of Hertford- 
shire County Council 
and Cubitts, Fitzpatrick, 
Shand) ke 


AND ALL TYPES OF HEAVY STRUCTURE, DERIVE THEIR. 


STABILITY From 


PILING 


THE MODERN, MOBILE4” SYSTEM COMBINING Terie ‘ 
PRE-CAST AND CAST-AN-SITU METHODS OF PILING 


WEST’S PLING & CONSTRUCTION CO. LTD 


Foundation Spécialists. Design and Construction in Reinforced Concrete. 
BATH RO. HARMONDSWORTH, MIDDLESEX. Tel: SKYPORT 5222 
Branchesf/in London, Bristol, Birmingham, Manchester, Glasgow. 
Australfisia ; West's Shell Piling (A/sia) Pty. Ltd. Melbourne, Sydney, Adelaids 
and Wellington, N.Z. Southern Africa: The Roberts Construction Co Ltd. 


Johannesburg. France : Compagnie Genéralé de Construction de Fours, Paris. 
Ireland: Farrans Limited, Dunmurry, Belfast 
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AT A NEW FACTORY FOR 
J.S. FRY & SONS LTD., SOMERDALE 


The photograph shows one of several ‘Universal’ columns, 
each carrying an estimated load of 1000 tons. 


The steelwork of this factory, comprising 2,100 tons, was 
erected by us in 43 months. 


General contractors: John Knox (Bristol) Ltd. 


STEELWORK BY 


REDPATH BROWN 


Branches: Edinburgh, Glasgow, London and Manchester 


STEELWORK 
Is 

CHEAPER 
AND 
READILY 
AVAILABLE 


Sole manufacturers in the United Kingdom 


South Durham 


STEEL AND 
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Strength, water-tightness and resistance to 
corrosion make Larssen Piling the ideal Civil 
Engineering material for the construction of all 
types of water-frontages. Ease of driving and the 
economy provided by a very versatile range 

of sections, are additional advantages. 


Larssen Piling, newly-driven, during the extension 
of the West Jetty at the Scotstoun (Clyde) shipyard 
of Messrs. Yarrow & Co, Ltd. The Larssen Piling 
in the foreground, driven about 35 years ago, was 


found to be in first-class condition and showed no 


sign of deterioration. 


Consulting Engineers: KYLE & FREW 
Contractors: MELVILLE DUNDAS & WHITSON, LTD. 


IRON COMPANY LIMITED 


CENTRAL SALES OFFICE: 
CARGO FLEET IRON WORKS, 
MIDDLESBROUGH, YORKS. 


TELEPHONE: MIDDLESBROUGH 46311 (13 LINES) 
TELEX: 58551 


LONDON OFFICE: SHELL-MEX HOUSE, STRAND, W.C.2, 
TELEPHONE: COVENT GARDEN 1181/6, 
TELEX: 22480 
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y BRIGHOUSE 


HUDDERSFIELD 


PATENT ROOF & VERTICAL 
GLAZING. LANTERN LIGHTS 
"MONOLIGHT ROOF LIGHTS, 
STEEL & ALUMINIUM WINDOWS, 
STRUCTURAL THERMAL INSULATION. 


Specia lists 


PATENT GLAZING: bars with galvanised steel core fully lead clothed 
or, alternatively, with zinc or aluminium capping. Aluminium alloy bars 
with lead or aluminium wings. 

Trouble-free and long life daylighting conforming to the newest 
architectural trends in industrial building design and cladding 
techniques. 


EFFICIENT SITE ORGANISATION and service ensure that the high 
quality material is also fully represented in the fixing and installation. 


THE EXPERIENCE OF 70 YEARS with progressive technical research, 
contributes to the architect’s skilful handling of daylight,with quality 
and the surety of 


—— DAYLIGHTING FOR A LIFETIME 


HEYWOOD -HELLIWELL LIMITED BAYHALL WORKS, HUDDERSFIELD 
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NOT WITH THIS ROOF 


An atmosphere full of moisture and acid-laden soot and 
smoke .. . that is what causes the rapid deterioration of 
the roofing and cladding of industrial buildings. How to 
deal with this menace is a problem to which, until 
recently, there has been no satisfactory solution. 

Now there is an answer—‘Corroplast’ corrugated 
sheets resist corrosion. Experience has proved that after 


FOR CONTEMPORARY CLADDING TOO many years’ exposure in the most severe conditions, 
“Corroplast’ is also ideal as side-cladding for ‘Corroplast’ sheets do not deteriorate. : 
contemporary buildings, giving a most colourful These strong, rigid, laminated plastic sheets are 


economical, too. They last longer than any other sheets, 
need no maintenance, and are free from breakages in 
transit. 


For roofing and cladding where corrosion is worst, 
always specify... 


and attractive appearance. Available in three 


integral shades, or in a range of stoye-enamelled 
finishes, 


Write or phone to: 


HOLOPLAST LIMITED SALES OFFICE, 2 CAXTON STREET, LONDON, S.W.1. TEL: ABBEY 4866 


Tune, 1960 11 


It is well known that soluble sulphates present in the soil are liable to 

cause disintegration of concrete, but with ‘SULFACRETE' Sulphate-resisting 
Cement, concrete can be made proof against concentrations of sulphates 

in terms of sulphur trioxide up to 0.5% by weight in ground water and 2.0% by 
weight in soil or clay. The only Sulphate-resisting Portland Cement which has 
given proved protection in practice and in exposure tests over the last ten years. 


SULFAGRETE SULPHATE-RESISTING CEMENT GIVES PROVED PROTECTION 


Write for full details to: 
THE CEMENT MARKETING COMPANY LTD. Portland House, Tothill Street, London S.W.|1. 
G. & T. EARLE LTD., Hull. THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., Penarth, Glam. 
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MCN 3456 


Quotations even lower 
and 

deliveries even quicker 
result from 
automation in our 
fabricating plant, 
large, comprehensive 
stocks of steel 

—and of course 


general know-how 


e 
These modern connections are designed to with- eS a ni i S te i Wa Ct @) Nn 


stand large wind-bending moments. The end 
surfaces of the slabs are milled dead square 


e e 
with the beams and the slabs, are welded to b U f Id { Nn S te e 


the beams at our works by semi-automatic, 
submerged arc welding. 


BANISTER, WALTON & CO. LTD. Structural steel engineers and stockholders MANCHESTER - LONDON - BIRMINGHAM 


June, 1960 


Eset 


the advantages 


THERMALITE 


Lightweight loadbearing insulating building 


In curtain wall 
construction 


Architect: Reginald H. Gallannaugh L.R.I.B.A. 
Consulting Engineers: Bylander, Waddell & Partners 
Contractors; Tersons Limited. 


PETROFINA HOUSE m-. acase in point 


In Petrofina House an inner leaf of 4” Thermalite blocks 
has been used to sill height. A cavity of approximately 
2” is provided between it and the curtain wall glazing. 


Thermalite, thus employed, more than adequately 
fulfills the L.C.C. construction bye-laws. It provides a fire 
resistance superior to that of the 84 inch brickwork 
which would be needed to comply otherwise, thereby 
increasing valuable floor space. 

Numerous other advantages are attendant upon its use. 
Reduced dead loads have enabled all-round structural 
savings in beam column and foundations; direct fixing 
of radiators and other internal fittings without plugging 
has been made possible. Added to these items, and the 
considerable saving which can be inferred are the 


THE PROPERTIES OF THERMALITE | improved comfort conditions and reduced fuel costs 


a 4 Dry density 50 Ibs/ft® which automatically follow wherever Thermalite is used. 
2. Compressive strength to BS:2028 type A. 


3. Moisture movement/drying shrinkage 

te BS:2028 typeB. |= For further information and samples apply to: 
Ronee i! conductivity (k)—1.4 B.T.U.'s ‘ 

MS ae . ; THERMALITE YTONG LIMITED 


sizes 179” x 83”. Hams Hall, Lea Marston, Sutton Coldfield, Warwickshire. 
sistance 4” loadbearing plastered 3 Telephone; Coleshill 2081. 


A [tainc | COMPANY 
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A highly efficient machine designed for a safe 
working load of 10 cwts. for man-riding with safety 
factor of I2 to I. 


The rope gystem uses two, triple grooved drums which 
ensure that the rope cannot become tangled, causing 
sudden drops. 


The unit is totally encased in a strong pressed steel body: 
Will stand rough usage without damage. 


Reduction is by straight gears, giving a mechanical 
no efficiency of 80%. The gears are independent of the coiling 
drums which reduces the effort on the operating handle. 


Tens of thousands of these machines have been in 
< use for a considerable time without any accidents. 


ABSOLUTE SAFETY. An automatic braking mechanism, 
similar to a ‘‘dead man’s handle”’ locks the unit when the 
operating controls are released. 

This, together with other safety factors, ensures that the 
operator is placed in no danger whatsoever, 


A 
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SIMPLEX CONCRETE PILES LTD 


Palace Chambers, Bridge Street, Westminster, S.W.| 


Telephone Nos. TRAfalgar 1165/8/9 
Telegrams: SIMPILESCO WESPHONE LONDON 


SOIL MEGHANICS pHaveubone 


One of the Companies of the John Mowlem Group! 


FOUMMATION ENGIN 


y Bored cast in-situ piling 
A Driven piles 
y 
ITE EXPL Bored shaft piles of large diameter 


Exploratory borings Bored cylinders of large diameter o F PROBLEMS 


Geological surveys | Ground Water lowering by Bored wells 
E land by well points Jans, Retaining walls 
oil sampling and testing =f . 

{ Accelerated consolidation by sand drains oferdams and Foundations 

In-situ sail testing f 

Wieerarr ©) Chemical consolidation of Sands and Settlement calculations 

tock drilling coring © gravels by the Guttman process =o 
Pages 4 ' ity calculations 
Seophysical ¢ 


xploration | Alluvial grouting 


t ‘ 


Gement pressure grouting in fissured rock 

[Construction of special folimdations 
RS Eat 

4 

A et SPR 


Soil stabilisation 


Underpinning 


€ 
& 


65, Old Church Street, London, S.W.3§ Telephone: FLAxman 8111 


Telegrains: Edaphos-Southkens-London 
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An electrically 
welded mesh 
manufactured in accordance 
with B.S.S. 1221/1945 Part ‘A’ 
from High Tensile Steel Wire drawn in 
our own mill, supplied in sheets or rolls. 


Oblong or square meshes for concrete 
reinforcement in floors, foundations, : ig 
roofs, roads, etc. Standard size sheets x a ae i 
and rolls always in stock. We also 4 oes : 

specialise in designing reinforced concrete. 


JLIYINOIU HOS 


SPENCER WIRE 


Gro MP AN Y ME OD e WA. KSEE FABE ED 


DaW 660 SE Telephone » WAKEFIELD 6111 (/0 lines) « Telegrams e SPENCER WAKEFIELD, TELEX 
Telex No. 55,160 


June, 1960 


Miga piles 


_Augered piles 


Light tube piles 


Composite piles 


nforced concrete foundations 


A new brochure fully describing 7 methods of Piling is available on request 


FRANKI—the largest piling organisation in the world F R A | K | Pp | L E 


FRANKIPILE LIMITED - 39 VICTORIA STREET: LONDON SWI: TELEPHONE ABBEY 6006-9 


17 


18 The Structural Engineer 


AN DERSOR 
always in thelead with DERRICK CRANES 


ANDERSON have long been accepted as Leaders in Electric Derrick 
design and construction, and their new range is already acclaimed 
by users and professional authorities as exceptional. The many 
outstanding innovations ANDERSON recently introduced include 
Panoramic Vision, Easy-reach Control, Unit Construction, new 
Driver-comfort and Safety. These anda score of other exclusive 
features make ANDERSON Derricks the most advanced High 
Performance Cranes ever presented by a Company whose standards 
are acknowledged to be amongst the highest in the Industry. 


EXTENSIVE HIRE FLEET OF MODERN CRANES 
DEPOTS AT LONDON AND BIRMINGHAM 


ALSO LEADING MAKERS OF OVERHEAD CRANES 


Tel: 
CARNOUSTIE 
2214/5 and 2110 


London Office : 
FINSBURY PAVEMENT 

HOUSE, 120 MOORGATE, 
Grams: 


“ DIAMOND ” THE ANDERSON-GRICE CO. LTD. E.C.2, 
Se RNGUEHE TAYMOUTH ENGINEERING WORKS,CARNOUSTIE, SCOTLAND | 731. mon 4629 
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DAWNAYS 


specialists in the design 
fabrication & erection of 
el lanb sep Jel ar. AW. Waly ma © lee ae 
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For full particulars, contact :— 


PETER LIND & CO LTD 
Romney House, Tufton Street, London, S W1 
Telephone: ABBey 7361 
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The ‘framework of the building (left) was constructed to a large extent from 
Appleby-Frodingham sections and plates. (right) M.S. “Bergensfjord” built 


THE UNITED 
for Den Norske Amerikalinje A/S of Oslo has a gross weight of 18,750 tons 
Considerable quantities of Appleby-Frodingham plates and sections were supplied 
COMPANIES LT? to Swan, Hunter, & Wigham Richardson Limited, the builders of this ship. 
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Working against the ciock ? 


HELIBOND Cold Worked Reinforcement offers substantial 
savings in cost when compared with mild steel. 

In technical terms, HELIBOND complies fully with British 
Standard 1144, and enables the concrete bond stress to be 
increased by 25% (C.P. 114 [1957] refers). 

Why not consult us? We shall be glad to send you full details of 
our service and delivery. We can make special arrangements for 
may well solve urgent requirements. 


your problems 
HELIBOND Cold Worked Reinforcement 


THE HELICAL BAR & ENGINEERING CO. LTD., 82 Victoria Street, London, S.W.1 
Telephone: VICtoria 6838 


ALSO AT: Newcastle: Newcastle 27744 . Nottingham: Gamston 284 . Taunton: Taunton 5631 
WORKS: Harefield: Harefield 2176 . Charlton: Greenwich 2971 . Sutton-in-Ashfield: Sutton-in-Ashfield 2621 


DORMAN LONG UNIVERSAL BEAMS 
SIMPLIFY FABRICATION 


ie illustration on the left shows a new 
tension for Whessoe Ltd. of Darlington, 
vering an area of 295 ft. by 90 ft. wide, 
th an eaves height of 57 ft. 


1e portal-frame roof structure (the 
ntral portion being steeper to take 
zing) is formed throughout from 
niversal beams, the vertical members 
ing 36” x 163”, weighing 260 lb, per 
ot, and the central rafters of 24” x 12’ 
e-welded to the tapered elbows. 


niversal beams, again 36” x 164”, were 
e-welded and support the runways for 
‘o 40-ton capacity cranes of 80 ft. span, 
= columns being connected by tie-beams 
12” x 12” universals. 

1e steelwork was carried out by 
-dpath Brown & Co. Ltd., Edinburgh, 
10 saved a good deal of time and 
your by using universal sections which 


eliminated the need for compounding. 


Dorman Long Universal beams are being 
used to bridge wide spans _ hitherto 
needing built-up girders, thereby saving a 
great deal of plating, compounding and 


other labour, in addition to saving steel. 


The illustration shows a road bridge in 
course of construction on the Catterick 
by-pass (A.1. Trunk road) built for the 
North Riding of Yorkshire C.C.; in 
this, D.L. Universal beam sections are 
employed practically as they left the mill, 
resulting in a substantial economy in 


fabrication. 


Other sections from the Universal Mill 
include much-needed H sections; these 
are available in different weights for 
columns of multi-storey buildings, 
thereby avoiding the usual plating at the 


lower storeys. 


DORMAN LONG 
ee 
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The Seaboard shuttering formula... 


TWO MEN... 


TWO OPERATIONS. ... 


+ SEABOARD FIR PLYWOOD 


— Econsnuy 


Here’s why . . . Canadian Fir Plywood is light to 
handle, even for one man, and requires less 
nailing. Pound for pound, it’s stronger than steel. 
Thirty-two square foot panels mean fewer joints, 
less cutting and the minimum of waste. Sea- 
board’s fir plywood costs less, too, than other 
plywoods suitable for shuttering. 


N. R. M. MORISON, ESQ., 
1 - 3 Regent Street, 


London S.W. 1 L 


Please send me free copy of Seaboard i 
Plywood Handbook (L-11) describing your 4 
full selection of Douglas fir Plywood. “ 


“" PHENOLIC BOND 


WATERPROOF 
WEATHERPROOF é) 


..BOIL TESTED.” 


. 
'* 200? 
Fee eeeeweeeener ee 


Seaboard’s fir plywood is absolutely waterproof 
glue-bonded; laminations are unaffected b 
moisture. Tough and splitproof, these 8’ x 4’ 
panels are ean cleaned, stored and trans- 
ported ready to be used time and time again. 
Given reasonable treatment, as many as 40 
re-uses have been recorded. 


Investigate today .. . it may save you time and 


EABIOARD 


fF CANADIAN DOUGLAS FIR 
PLYWOoOOobpD 


SEABOARD LUMBER SALES CO. LIMITED 
Seaboard House, Vancouver 1, Canada UK-60-36-28 


|) June, 1960 
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PARKS OF NORTHWICH 


a member of the ISCON Consortium 


THE 
DURGAPUR : 
STEELWORKS 
PROJECT tne photograph shows a view of the 


Soaking Pit Building in course of erection. This is one of several 


buildings which were designed, fabricated and erected by 
Joseph Parks and Son Ltd. for the Durgapur Steel Project in India. 


JOSEPH PARKS & SON LTD* WADEBROOK STEELWORKS ' NORTHWICH’ CHESHIRE’ Te); Northwich 2364-8 (5 lines) ‘ London Office; 22 BUCKINGHAM GATES.W,1, Tel: Tate Gallery 4584 
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GIRDER 
RADIAL DRILLING 
MACHINES 


MODELS E.G.4 and E.G8: 
RADIAL DRILLING MACHINES 


(for Girders, Plates, Structural Parts, etc.) 


Each model in five sizes: 4, 5’, 6, 7, 8: 
(E.G.4) 4 speeds; 160—600 r.p.m. 
(E.G.8) 8 speeds; 20—500 r.p.m. 


Drills up to 2” from solid in mild steel. 


Also made with single speed. 


FRED. TOWN & SONS LID J inc tur cony 

. PHONE: HALIFAX 60373/4 
MAKERS OF HIGH CLASS DRILLING MACHINES FOR 55 YEARS 

T.2. 


June, 1960 29 


STRONG WATERTIGHT JOINTS 


* 
IN THE MINIMUM OF TIME 


% 


within a few hours drains can be smoke-tested 


or water-tested and trenches filled in 


no other type of cement gives such 
SOUND AND SPEEDY RESULTS 


Regd Trade Mark 
ALUMINOUS CEMENT 
OOOO 


LAFARGE ALUMINOUS CEMENT CO. LTD. 73 Brook stREET, LONDON, W.1, TEL: MAYfair 8546 
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Whatever your dewatering problem, 
whatever the depth to which the water 
table is to be lowered, Ground Engineering 


Limited can provide a comprehensive 


service. They can assist you by installing 


and operating a system designed for your 


¢ OMPLETE particular problem. 


Deep wells, shallow wells and well point 


SER V ICK installations are offered; the final choice 


depending on the prevailing ground 


Pa oye 
. ae a conditions and the proposed depth of 
Sas Bree a 
3. 3S AS excavation. 


PESO Pheer tape ATG TGS 
se ees 
~2 t e ote we 


You are invited to write for further details 
in terms of specific or future projects to:— 


GROUND ENGINEERING LIMITED 


Manor Way - Boreham Wood -: Hertfordshire - Telephone: Elstree 2854 


A COMPANY 


June, 1960 
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LYTAG gives greater workability for a particular mix than any other lightweight aggregate, 
because its spherical particles present the minimum surface area to be wetted. 


The low water contents of LYTAG concretes lead to reduced drying shrinkages and give 
high early strengths. Surface finishes obtained on precast concrete units are smooth and 
pleasing. 


The combustible content of LYTAG is less than 3%. It will withstand temperatures of up 
to 1,000°C without damage. At the same time, it provides a ‘U’ value well below that of 
ordinary concrete. For example, the ‘U’ value of a 6” LYTAG structural concrete element 
would be less than a half that of the same element in dense concrete. 


LYTAG is produced from pulverised fuel ash by a carefully controlled sintering process. 


Spherical in shape, it has a slightly roughened surface so providing an excellent key for the 
adhesion of cement. 


Technical literature covering all aspects of LYTAG will be forwarded on request. Write to: 


LYTAG LIMITED. 


A LAING | COMPANY 
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Tall Buildings—Problems in the Design and 
Construction as affecting the 


Structural Engineer * 


Lt.-Colonel G. W. Kirkland, M.B.E.(Mil.), M.I.Struct.E., M.I.C.E. (Vice-President). 


The necessity for ever increasing elevation of 
buildings arises from a number of causes, and while 
these reasons do not form any part of the design and 
construction problems involved, they are, in the 
author’s view, worth stating. 

The primary reason is one of pure economics. 
Increasing land values, fixed plot ratios governing 
densities of occupation, have necessitated vertical 
development in order to provide the floor areas needed 
for an adequate return of capital invested in these 
modern developments. 

The reduction of available site areas in comparison 
with areas of buildings originally occupying a site, by 
virtue of land surrender for street improvements, 
massing of small site units into a single development 
unit, and the limitations imposed by the Town Planning 
Acts, are additional factors. 

It is not long ago that the eight storey building was 
referred to as a tall building, while today we face 
11 storeys with equanimity, 20 storeys without undue 
comment and even 30 storeys without surprise. One 
of the first modern tall buildings with which the author 
was connected was an hotel project which was intended 
to rise 414 feet. Considerable design work was done 
on this development before it was known that planning 
consent could not be given for a building higher than 
235 feet in the location it had been intended to build. 

The author has not been surprised to read numerous 
recent criticisms of certain modern ‘high point’ 
developments. These were inevitable and indicate at 
least an appreciation that these things are now with 
us but, as referred to above, it is not considered that 
we need fear an excess number of these structures in 
our towns and cities. Restrictions will be inevitable, 
since any major development is equivalent to the 
introduction of a small township in terms of numbers 
onto arestricted site. This expansion of local population 
introduces numerous secondary problems which are 
of major importance, not the least of which are trans- 
portation, water supplies and sewage and waste disposal. 

That we shall continue to build high is inevitable 
and it is with the object of providing a forum for the 
exchange of knowledge, information and ideas on the 
subject of structural design and site construction 
problems that this paper is now presented. 

The design problems cannot be dealt with under 
one general head. The high point building presents 
different problems to those involved in the massed 
building of considerable elevation. 


“* Read before The Institution of Structural Engineers at 
11, Upper Belgrave Street, London, S.W.1. on 7th April 1960. 


All the problems are not new ones, and it may be 
of interest to know that almost 30 years ago the author 
was associated with the design and construction of 
a 220 feet high refinery building for Tate & Lyle Ltd. 
at Plaistow Wharf Refinery (Figs. 1, 2 and 3). The 
Embankment front of Shell Mex House, on the site of 
the old Hotel Cecil, another building completed a 
quarter of a century ago and in connection with which 
the author was a member of the design team, rises to 
no mean elevation and was, at the time of its con- 
struction, regarded as the maximum height possible. 
During this same period, the author was privileged to 
examine and check the wind calculations for the Empire 
State Building in New York. 

Even amongst the partially informed of those days 
it was believed that the limit of construction height 
had been reached for London, firstly, because of 
the height limit of fire brigade apparatus and, secondly, 
because of the inability of London blue clay to support 
the loads which would arise from higher structures. 

On securing an appointment as Consultant for a 
very tall building in London, advantage was taken 
during a visit to the U.S.A. to examine a number of 
“skyscrapers ’ under construction. As a result of these 
visits it was found that methods of construction had 
so profound an influence on structural design, that 
a knowledge of, availability of, and experience in the 
use of specialised plant was an essential in Contractor 
selection. The team involved in the new Millbank 
Development has had the good fortune to have included 
in it the Contractor, and the view is expressed that such 
an arrangement leads to the best in economy, design 
and construction. On a development where an overall 
saving of two months in completion time can represent 
a saving of £150,000 in terms of rent for occupiable 
space, interest on capital, etc., it will readily be appre- 
ciated that actual costs of the pure construction need 
not necessarily be critical. In advocating the earliest 
possible inclusion of the Contractor in the team, the 
author would like to make it perfectly clear that he 
does not support in any way the procedure of the 
Contractor/Designer. The growing tendency today for 
the larger contracting firms to employ as members of 
their staff, architects and design engineers, is not in 
the best interests of either the public or the industry. 
The claim so frequently made that such an arrangement 
saves fees is completely without foundation since no 
contractor gives anything away if he is going to keep 
his shareholders happy, and the alternative of ignoring 
profits on construction in favour of the tax relieved 
capital appreciation within a controlling development 
company is but a snare and delusion, in that the 
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Fig. 1.—View of the 220 ft. high Refinery Building constructed in 1935 for Tate 
& Lyle Ltd. at Plaistow Wharf. 


ultimate building owner or user still pays. The author’s 
comments are unlikely to concern the large financial 
interests involved, but he felt the point had to be made. 
So much for economics. 

The use of any floor area may be closely allied to 
the amount of light the space receives naturally, the 
readiness and speed of access, and the efficiency of the 
sundry ancillary services. A tall building therefore, 
must be well equipped with lifts, and large duct areas 
to provide for vertical distribution of personnel and 
services. In the case of the high point development, 
the massing of lift lobbies, stairs and ducts in a conve- 
nient central area provides a central core of which 
structural use can be made by making such a core 
sufficiently stiff to resist the whole of the not 
inconsiderable wind forces. In cases of other than 
high buildings, lift lobbies and stairs are normally 
required to be distributed on the plan. In these cases 
the walls can be developed as strong points of as great 
width as possible and can be used as buttresses against 
the horizontal forces involved. The value of solid 
gable walls is frequently reduced by the foundation 
problem when the building abuts another site. In 
both cases, wind loads are distributed by the cladding 
onto the columns which act as beams in the vertical 
plane, and transmit the loads through the floor slab 
on to the stiff core or abutments. The normal floor 
slab is quite capable of functioning as a horizontal 
girder provided adequate attention is paid to the 
edge conditions. 

While dealing with the subject of wind loading it is 
advisable to mention the little appreciated ‘ vortex ’ 
condition which arises with certain building shapes. 
In addition to normal wind loading there sometimes 
builds up on the leeward side of a structure, a vacuum 
as the result of the vortex created by the wind. This 
vacuum does not remain constant but increases in 
volume until equilibrium breaks down and the vacuum 
“bleeps’ away into the atmosphere. The rate of 
“vacuum bleep,’ or vortex shedding, varies with the 


wind velocity and critical periods can occur with wind 
velocities as low as 10 to 15 m.p.h. In the case of 
certain modern claddings, the incorporation of pro- 
jecting mullions varies the condition by the creation 
of secondary vortices leeward of each projection. As 
these smaller vortices are shed the equilibrium of the 
major vortex is disturbed and the rate of discharge is 
affected. Mathematical analyses of natural frequencies 
of structures are possible, as are approximations of 
the rate of vortex discharge and such preliminary 
examination should enable the designer to determine 
whether the condition is likely to be critical or not. 
In case of doubt, wind tunnel tests with a model are 
advisable. 

The tall structure with wings may be deficient in 
torsional stiffness, and this condition can arise from 
an eccentricity of plan, or an off centre strong point. 
In a number of new developments on the Continent 
and at home, engineers have carried out wind tunnel 
tests to satisfy themselves on this issue. 

In Britain, the maximum height limitations imposed 
necessitate minimum storey heights to make a paying 
proposition of many developments. In the U.S.A. no 
such restrictions apply and it becomes possible and 
frequently desirable to provide deep floor spaces for 
distribution of the various services. These ‘ voids ” 
allow of deep floor supporting members and make it 
possible to use structural steel with heavy end 
connections to cope with wind conditions. 

The use of reinforced concrete has many advantages 
in providing the minimum storey heights advisable in 
this country and economies arise from better end 
fixing conditions, the homogeneity of beam and slab, 
not to mention the advantages of the flat slab or plate 
floor where possible. 

The facility of placing concrete in masses of a weight 
within the hoisting capacity of the site equipment and 
the use of composite in-situ and precast construction 
are assets of which both contractor and designer can 
take advantage. 
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Fig. 2.—Progress Photograph of the steel structure to the Plaistow Wharf Refinery. 


Note outrigging members to carry one of the earliest forms of curtain wall. 


It has been proved that the precision of concrete 
construction can equal that of any other building 
medium, and strength controlled concrete, mixed to 
a designed ratio of ingredients, gives the designer 
considerable freedom in meeting the structural re- 
quirements. 

On the construction side, the costs of handling 
sundry building components and materials are of major 
importance and while prefabrication has many advant- 
ages in either steel or concrete, the designer must be 
aware of the construction problems arising from heavy 
lifts of material and prefabricated parts, also the type 
of temporary load condition likely to be imposed on 
the structure by the contractor's plant performing 
the essential hoisting operation. A steel stanchion 
to carry 1,000 tons will weigh almost a quarter of a ton 
per foot run, a 12 feet storey height 3 tons, and three 
such storey heights 9tons. The lifting problems 
involved in elevating these and comparable masses by 
stick or derrick supported on an incomplete structural 
frame and ensuring that the structure remains plumb, 
necessitates rigidity of connections at each stage of 
the work and the provision of guys and temporary 
bracings. Loadings induced by these conditions must 


be appreciated at the design stage. This is, in the 
author’s view, yet a further indication of the advisabi- 
lity of closest Designer/Contractor liaison from the 
earliest possible stage in the development. No two 
contractors are likely to offer the same solution to any 
constructional problem, and each alternative solution 
can cause major variations in design. 

As yet, the subject of services has been barely 
touched in this paper, but they are major headaches 
for both Architect and Engineer. In building tall, 
the structural requirements are of even greater 
importance than in buildings of conventional elevation, 
and the Architect often must needs subjugate his 
conceptions where an alternative is possible to the 
structural necessities. Of what advantage is it to 
either Architect or Engineer, however, if in producing 
the idealised structure, the services, which are essential 
to make the structure habitable, are inefficient or 
given only second place to other interests? The very 
tall building may well be likened to an ocean liner 
so far as its services are concerned, and a like degree 
of co-operation between the participants in its con- 
struction is needed to create the successful tall building, 
as with the successful liner. 
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Fig. 3.—Structural cross section through the Plaistow Wharf Refinery. 


We permit much self-criticism in Britain when 
comparing rates of construction here with those in 
many other countries, particularly the U.S.A. Much 
of this is not justified. The author is convinced of the 
excellence of the quality of our larger (and many 
smaller) building and engineering contractors, and of 
our designers, both architectural and engineering, else 
how could our building proceed at all under conditions 
which necessitate the contractor starting work before 


he has the whole of the information required to 
complete? In a number of developments investigated 
in New York and Chicago, some two to three years’ 
work in planning design and detail had been completed 
before even demolition works on the site had 
commenced. The contractor was then in possession 
of wellnigh the whole of the construction information, 
down to size of small holes in structural members, 
and half inch details of door architraves before work 
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Fig. 4.—Transverse section through the Pirelli Building, 
Milan. 


Fig. 5.—Floor Plans of the Pirelli Building, Milan, 
illustrating stiffened cross walls. 
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commenced. Under these conditions, construction 
work is carried out almost as a military operation and 
speed of construction can be accurately planned. This 
ideal is worth striving for, though employment of the 
necessary building finance may well be a strong 
negating factor. 

While some of the complexities of superstructure 
design have been mentioned, in many parts of Britain 
and certainly throughout the London area, the 
foundation problem is of even greater importance. 

Engineers are aware of the sometimes necessarily 
complex foundation solutions necessary for buildings 
of only conventional height, and the tall building 
increases the magnitude of this problem. London blue 
clay, capable of normal bearing values of from 2} to 
2? tons per square foot is required to support structures 
which, on a basis of total load carried to net area of 
the ground covered, would produce comparative 
pressures of from six to as much as ten tons per 
square foot. 

Only recently we read a Parliamentary statement 
that ‘Big Ben’ tower was out of plumb and that 
movement had occurred in the Victoria Tower. While 
horizontal movements of 15 inches were spoken of, 
the vertical movement cannot but be sufficient to 
create a problem in the maintenance of floor levels. 

The tower of Westminster Cathedral has settled 
substantially and visibly, but these settlements in 
themselves do not cause undue alarm. The problem 
arises from the differential settlement between compo- 
nent parts of the building mass. 


Fig. 6.—Model of the Pirelli Building, Milan, (Scale 
1/5th), undergoing test in the ISMES laboratory. 
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Fig. 7.—Completed Pirelli Building. 


(Photograph by courte y of S.p.a. Bologna) 


Fig. 8.—Building No. E.100 for the BASF at 
Ludwigshaven under construction. 
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Fig. 9.—Cross section through Building No. E.100 for 
the BASF at Ludwigshaven. 


There have recently been valuable developments in 
plant which produce large diameter shaft piles and 
these, in the author’s view, probably offer the greatest 
aid to solution of the foundation problem. Some 
foundation firms advocate the use of an expanded 
base as large as 10 feet diameter at the base of such 
piles, but extensive tests carried out under the author’s 
control in London clay do not appear to substantiate 
claims made for the bell ended shaft pile. The large 
diameter plain shaft pile, on the other hand, has proved 
capable of carrying loads based on conventional 
analysis where the largest part of the load is absorbed 
by the skin friction on the shaft. It appeared from the 
tests referred to that the effect of the bell was to 
reduce substantially the resistance from skin friction 
and to transfer much of the load to the base of the bell. 
The high intensity of stress at this position gives rise to 
large settlements. The plain pile, gaining support 
with each foot it penetrates load bearing strata, has 
a greater load spread in the clays and, at the same depth 
as the bell ended pile would be founded, has transferred 
the load of the supported structure over a larger total 
area, thus giving smaller settlements and utilising a 
greater volume of the supporting media. In the 
December, 1959, number of ‘ Géotechnique,’ Professor 
A. W. Skempton has written a paper on ‘ Cast in-situ 
Bored Piles in London Clay’ which reports in some 
detail part of the tests referred to. 

The bell ended pile does have value, however, in 
special cases, where, for example, it is advisable to 
avoid sewers, tunnels and the like, but the design must 
be based primarily on relative settlements if structural 
distortion is to be avoided. 
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Fig. 10.—Model of the Millbank Development now under construction. 


The science of ‘ Soil Mechanics,’ so long the Cinderella, 
now comes into its own. Forecasting of settlements by 
virtue of the knowledge of soil characteristics is 
becoming almost as exact a process as the estimation 
of structural stresses, and the value of the specialist 
in this field is more and more appreciated. 

In the development involving the very tall building 
abutting or linked with buildings of lesser height, the 
solution of the problem of differential settlements needs 
the fullest understanding of the Architect, and his 
appreciation of the advice given by the Engineer. 

The incorporation of straight joints, hinges, etc., in 
the structure, flexible links to the drainage system 
and the treatment of continuous faces over the areas 
of any link between elements liable to be subject to 
different rates of movement, are all points to be 
carefully considered. 

If common floor levels are to be obtained on comple- 
tion of construction, provision must be made for the 
initial construction settlements, and these may be 

estimated from the data provided by pile test loading. 


Provision of a construction settlement of 1 inch has 
been made for the Tower Block at Millbank, while 
the adjoining two storey Podium has no such provision, 
it being considered that settlements here will be negli- 
gible. 

The distribution of the loads from the tall building 
structure onto the piles presents a further interesting 
problem. The minimum centres of the piles, with the 
safe carrying capacity per pile, determine the load 
which can be carried over a specific area, and will 
determine the maximum possible weight which may 
be supported. 

The pile cap design will be found to resolve itself 
into a complex raft capable of transferring the loads 
to be carried over the area of the building. The con- 
ventional bearing values for London blue clays to 
which we are accustomed to work vary from say 2} tons 
to 34 tons per square foot depending on the shear 
value of the clay and the settlement envisaged. The 
Tower Block of the Millbank Development imposes 
a load of the order of 5 tons per square foot over the 
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area of the structure, without taking into account the 
effect of wind loads. 

Engineers are apt to regard the effect of wind loading 
so far as foundations are concerned with some element 
of doubt. A few years ago, the author was concerned 
with an underpinning operation and decided to use 
piles with a jacking device making use of the dead 
weight of the structure. He was particularly interested 
to observe the jack pressure variations which occurred 
when nearing the marginal conditions, and subsequent 
investigation indicated that these additionally induced 
pressures resulted from a wind loading condition— 
despite the fact that the structure involved was within 
the Code of Practice limits for wind stress design. 
Resulting from these early observations, the matter 
was pursued further. 

The effect of steady wind loading was apparently 
negligible due to the inertia of the complete structure 
and the elasticity of the frame, yet under gust load 
conditions an appreciable difference in loading was 
observable. 

As with so many practical problems the Engineer 
must handle, it was not permissible to investigate the 
phenomenon thoroughly, but it was apparent that 
there was a measurable time lag between gust load 
condition and foundation resistances. 

Advantage has been taken of this condition in 
catering for the wind loading on the Millbank Tower 
Block. The raft pile cap which rests on a good ballast 
bed overlying the blue clay has been made to absorb 
the difference between dead plus superimposed load 
and wind loading. 

While this decision may appear to have been an 
arbitrary one, it does not seem unreasonable, since 
the ballast overlying the clay must be in a state of 
initial compression when the piles come under load. 
The additional pressures due to wind load are well 
within the safe maxima. 
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Finally, the problem of waterproofing of subground 
works needs consideration. The author is of the 
opinion that an asphalte membrane for tall structures 
is not a sound solution. Any membrane on the external 
face of subground works must be incomplete if 
continuity is to be obtained between substructure and 
superstructure. 

Further, the types of foundation which are likely 
to be used in the United Kingdom, except for the few 
places where hard rock can be found at a reasonable 
depth, will inevitably be subject to elastic deformation, 
and evidence would appear to throw doubt on the 
ability of mastic asphaltes to cope with these movements 
over the entire period of the life of a structure. It may 
well be that the use of resinous plastics of the Vynil 
or Polythene type may ultimately be found suitable, 
but the author pins his faith in sound dense concrete 
cast in such lengths and masses that crack control can 
be reasonably assured, and in the use of a water bar 
at those planes of weakness to moisture entry, the 
construction joints. 

It has only been possible to touch on a few of the 
problems with which the Structural Engineer finds 
himself involved. Amongst others are the structural 
fire resistance, methods of securing services to the 
structure, and the types of finishes to be recommended, 
both horizontally and vertically, on an elastic structure. 

In conclusion, the author would like to thank 
Tate & Lyle Ltd., especially Mr. Carmichael, for the 
provision of photographs and leave to publish them ; 
Dorman Long & Co. Ltd., and Mr. J. W. Anderton, 
A.M.I.Struct.E., for structural drawings and details 
so freely obtained ; Messrs. Ronald Ward & Partners 
and Vickers Ltd., for permission to use illustrations 
of the Millbank Development; also the Cement and 
Concrete Association for their ready assistance with 
photographs and slides of Continental works. 
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Methodes Générales d’Essai et de Controle en Labo- 
ratoire. Livre 1 : Mesures Géometriques et Mécaniques. 
By R. L’Hermite (Paris : Eyrolles, 1959). 6 in. x 10 in., 
742 pp., 475 figures. 


This treatise has been specially written for anyone 
interested in expert opinions based upon tests of the 
materials to be used in constructional work. It is 
thorough and very well presented, and may well be 
recognized of vital importance to all Engineers, 
Contractors and others concerned with tests on 
materials and structures who need to keep up to date 
with the latest methods available for giving the most 
accurate results. It enables the Designer to specify 
accurately the materials which are most suitable for 
the structure under consideration. 

This book is the first of a series, and deals chiefly 
with measurements of length, areas, forms, deform- 
ations, porosity, mass, forces, time, velocities, and 


supplies a most useful section devoted to the machines 
and apparatus used for testing. There is also an 
interesting chapter on the organization and layout 
of laboratories with a list of the most important ones 
throughout the world, with particular emphasis on 
mobile laboratories for soil mechanics tests. 

As a preview, the Author gives a list of the subjects 
included in his second volume which refers to the 
measurements of temperature, humidity, viscosity 
together with optical and electrical computations. 
Later volumes in the series will deal with failures and 
accidents and means to avoid further occurrences. 

The equipment described in the present treatise 
includes machines for compression, bending, torsion, 
fatigue, abrasion and penetration tests, and also 
triaxial and dynamic tests. The chapters dealing with 
various types of dynamometers, extensometers and 
apparatus for measuring double curvatures are of 
special interest. Pee 
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The General Moment Distribution Analysis 
of Space Frames 


by B. Rawlings, B.Sc., M.Eng.Sc., B.E., A.M.LE. NUS 


Synopsis 


A general elastic moment distribution method is 
presented, capable of application to all types of rigid 
space frames. The method employs matrices of stiffness 
and ‘ carry-over’ terms, and the procedure is equiva- 
lent to the well known Hardy Cross process of analysis. 
The method is illustrated by typical problems. 


I. Introduction 


The elastic moment distribution method of analysis 
of plane framed structures, developed by Hardy 
Cross! about thirty years ago is very well known to-day, 
being one of the foremost tools of the structural 
engineer who is concerned with rigid frame design. 
Little has been published, however, on the analysis of 
space frames, especially on those cases involving 
members oblique to the plane in which the moments are 
being examined. In the case of orthogonal frames the 
procedure is simple as plane analyses may still be 
performed with simple extensions to allow for the 
torsional resistance of those members normal to the 
plane2. However, when the angle between such 
members and the moment plane is acute, deformation 
occurs partly as torsional deformation about the 
longitudinal axes of the members, and partly as 
flexural deformation normal to these axes. In addition, 
because of interaction, it becomes impracticable to 
reduce the procedure to three plane analyses. As rigid 
space frames are becoming more popular, it is evident 
that a general analytical procedure having the ad- 
vantages of the moment distribution method would be 
very desirable. It is thus the aim of this paper to 
extend the moment distribution analysis to include 
space frames and to apply the theory to typical 
examples. The following treatment is restricted to the 
case of frames of uniform members, but could be 
modified to allow for members of variable moment of 
inertia. The method has the additional advantage that 
it may also be extended to cover the case of space 
frames with semi-rigid joints, the analysis of which 
would otherwise be extremely arduous. In common 
with the plane moment distribution procedure it is 
assumed that, in the case of unbraced frames, defor- 
mation occurs primarily from flexural (and torsional) 
action, and in triangulated rigid frames that the effect 
of axial forces in members is predominant. Thus, in the 
latter case, if the shears accompanying the secondary 
moments are large, it may be necessary to make 
corrections to the axial forces and repeat the distri- 
bution process. Even in such a problem the method 
may prove to be considerably more expedient than a 
full strain energy or relaxation analysis*4.5. It is 
convenient, in developing the theory to examine 
firstly the case of a single member, when subjected to 
_ moments and torsion at the ends. 


Fig. 1 


II. Relationship Between Moments and Deformation 


of a Single Member 


Consider a member AB, having a length S and 
symmetrical about both its major and minor cross- 
sectional axes as shown in Fig. 1. This member is 
subjected to moments Ly, M, and N, at the end A 
and to Ly, Mz and Ny, at the end B, the axes of these 
moments being respectively the two principal axes and 
longitudinal axis of the member, positive directions 
being selected to give right-handed sets. The member 
is also subjected to transverse loading, the components 
of fixing moments at the ends A and B being L(y), and 
L[(p)p about the / axis, and M(y), and M(g)p about the 
m axis. Positive moment will be considered to be that 
obeying the right-hand screw rule. 

It is now possible to relate the deformations of the 
member to the applied moments. Consider firstly the 
flexural deformation caused about the major axis / by 
the end moments Ly and Ly. From slope-deflection 
analysis it can be shown® that 


2ET; 


38 
a = 22H o i + Sip + — 


S )+ Lipa 


38 
= 2Bi(20 ta + Sip + ies | Lim, * (1) 


where J; is the moment of inertia of the section about 
the / axis, G1, and @ip are the rotations of the ends 
A and B about the respective / axes, considered 
clockwise in conformity with the right-hand screw 
rule, and Smz is the displacement of the end B in the 
positive m direction. 


Ss 
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Similarly 


38 
Ly = 2Bi (crs + 29t_ + an) + Lins (2) 


Secondly, by examining the flexural deformations 
occurring from moments applied about the minor 
axis m, the following equations are obtained in a 
similar way. 


38 


2QEI 
ET ( 23 ma + Smp— BD) + Mens 


a ES 


38: 
= 2Bm (20 ma + @ mp— =) + Mim), ° (3) 
and 
335i, 
My = 2Bm\ Sma + 23 mp——>- + Mp ° (4) 


Finally, the torsional moments Ny and Ng, neces- 
sarily equal and opposite for equilibrium of the member, 
will cause the ends to twist relative to each other in 
accordance with the relationships 


G 
Ny= S (Snax — Ong) 


= Bn (Sng — Sap) +. pape (5) 
and 
Ne =—Bs(Oug— Sap)- | eee 10) 


where C is the torsional rigidity of the member. This 
will be considered to have been established for similar 
conditions of warping restraint to that anticipated 
when the member constitutes part of the frame. 


This typical member will, in general, be at some 
random orientation to a new standard right-hand 
orthogonal set of axes (x, y, z), to which all rotations 
and moments in the space frame will be referred. 
Having established the relationships between the 
applied moments and the deformations of the member 
about the (1, m, 2) set ofaxes, it thus becomes necessary 
to relate these to the new (x, y, 2) set, as shown in Fig. 2. 
In order to do this, it is first necessary to relate the 
inclinations of the axes by some convenient means. 
This can be done in various ways, but one which has 
many advantages is the use of direction cosines. These 
are the cosines of the nine angles subtended between 
an axis in one set and an axis in the other set, both being 
drawn in the positive direction. It will be seen that as 
each angle may have a value between 0 and 180° 
due regard must be paid to the sign of each direction 
cosine. For example, the angle /Ay (Fig. 2) is greater 


than 90°, so that the cosine, denoted by yl would be 
negative for this particular case. 
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The set of nine direction cosines may readily be 
written in the array 
[ @ yo a 


— _— 


xm Ym zm 
-_—_ — 


xn yn zn 


to form the square orthogonal matrix (M) which has the 
special and convenient property that its inverse is 
equal to the transposed matrix in which the columns 
and rows are interchanged. 


Thus 
M-1 =MT= cimpae 


yb ym yn 


al zm Zn 


(It should be noted here that in general the numerical 
procedure for finding the reciprocal of a 3 x 3 matrix 
will be described later in the paper). 

Points referred to one set of axes may be referred 
to the other set by means of the matrix equations, 


fel-f] [2] ++ 
1-PT'[s] 


Resolving the moments L, M and WN into three 


components X, Y and Z with vectors in the positive 
x, y, 2 direction, one obtains 


L=Xx +Y-yl + Z-a 
M=X-xm + Y-ym + Z-2m 
and NX ae + Y¥-yn + Zn 


which may be expressed in matrix form as 


l-¥] 3] 


and which, upon inversion of equation (9) becomes 


e]-[e]'[e) 


Also, it is required to relate the angle changes in the 
two frames of reference. It will be assumed here, as in 
all small deformation theory, that the angles are small 
(i.e. their radian, sine and tangent measures are 
sensibly equal). Under these conditions the angle 
changes referred to the (/, m, ) set will transform to 
angle changes (denoted by @) referred to the (x, 4, 2) 


set by the matrix equation 
Ox 
[ | 5 pat haley 
97 


Ot 
Le-|-[™] 
On 
which inverts to 

Ox =] Oi 

[e =| | [ 2=| ei 

he a) n 

Finally, the deflection at the end B, having (/, m, n) 


components given by (87g, Smg, 0) may be referred 
to the (x, y, z) axes by use of equations (7) and (8). 
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Thus 


and 


HET-[*T' [ie] 


Fig. 3 


It is convenient at this stage to relate the changes in 
moments X,, Y, and Z,, applied to the end A of the 
member about the (x, y, z) axes to the corresponding 
changes in the slopes 0x4, Oy, and 07,4, produced about 
these axes, as shown in Fig. 3. In order to achieve 
this simply it is best to form the relationship between 
moment changes and rotations when both are referred 
to the (J, m, n) set and to transform both moments and 
rotations into (x, y, z) components by equations (10) 
and (11). Thus, from equations (1), (3) and (5) the 
(L, M, N) components of moment at A induced by unit 
rotations (G14, @ma, Png) are given by the terms of 


the matrix 
4B, 0 0 
| 0 AB 0 | 
0 0 Ba, 


Resolving both moments and rotations into the (x, 
y, 2) set, it will be seen that the (X, Y, Z) components 
of moment at A developed by unit rotations (Ox,, 
Oy,, 02,4) are given by the product 


eT TE de Abed 


This expression if multiplied out, results in a 3 x 3 
matrix of stiffness factors for the member AB, and 
will subsequently be referred to as the “ Stiffness 
Matrix ”’ for AB, and denoted by S,,. It replaces the 
single flexural rigidity term applying for each end of 
each member in the normal plane moment distribution 
procedure. As only the case of prismatic members is 
being treated, the matrix will be applicable to either 
end. 
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In addition it is necessary to examine the (X, Y, Z) 
components of moments induced at the other end B of 
the member by the unit rotation components (0x4, 
Oy,, 924). By similar reasoning to that outlined above, 
using the results of equations (2), (4), (6), (10) and 
(11), it is possible to write these as the terms of the 
product 


—172B: 0 0 
| | | ° 2B m 0 | | |: - (16) 
0 Ov SEBS 


This matrix will be referred to as the ‘“‘ Induction 
Matrix ”’ for the member AB, and denoted by I. It 
is of interest to note that both the stiffness and in- 
duction matrices are symmetrical about the leading 
diagonal, a consequence of the Reciprocal Theorem. 


III. Application of Analysis to Space Frames 


The foregoing results may be applied to the solution 
of rigid space frames with little modification. Consider 
a number of members AB, AC, AD, etc., rigidly con- 
nected at a typical joint A. Each member will have a 
stiffness matrix and an induction matrix which will, 
at this stage, have been evaluated. If the joint A is 
clamped and an unbalanced system of moments with 
components (X,, Y,, and Z,) is acting on the joint 
from the members, this system may be neutralised by 
rotating the joint through component angles (0x, 9y 
and 0,) where 


Ox 0x xX, 
Ls ]L¢]+L[so][e]+ ++ 1z4]-° 
0, 0; thy. 
=) (02) 
If the corresponding terms of the various stiffness 
matrices are added and the sign of every term is then 
reversed to give a new matrix [—XS,], referred to as 


the “ Distribution Matrix’ for joint A, this equation 
may now be rewritten 


[=] (E1-EE] 


which may be inverted to give 


l-L= EB) « 
: | 


where [—ZS,]—! is the reciprocal matrix of [—ZS,]. 

It is best to commence the distribution as in the 
conventional two-dimensional case, by carrying out 
a first analysis allowing all joints to rotate but not to 
translate, the various external loadings being applied to 
the frame. Thus initial fixed-ended moments for each 
member are found and resolved, by means of equation 
(10) into their (x, y, z) components, and then entered 
at the top of the distribution table. The first joint 
relaxation cycle may now be completed, and the 
necessary rotation components (0x, 9y and 0,) found, 
using equation (18), to give equilibrium of each joint. 
These components may then be entered in the table 
and the induced moments at the other ends of members 
found, by means of the induction matrix in equation 
(16). This, of course, is equivalent to the “ carry-over ” 
process well known in the simple type of analysis. At 
this stage the various components of unbalanced mo- 
ment at each joint are each summed to give the resul- 
tant unbalanced moment components, and a new 
cycle of joint relaxation and carry-over may be com- 
pleted. After several such cycles the distribution will 
have converged sufficiently, and the total rotation 
components at each joint may be found if required, 
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from summation of the incremental rotations at each 
cycle. Finally, the resultant components of moment 
are found for each member, and these are resolved 
into components about the axes of the member. They 


may alternatively be found by considering the total 
components of rotation at each joint in association with 
the various stiffness matrices. It should, however, be 
stressed that as the distribution process considers 
changes in the moments from the initial conditions, the 
initial fixed-ended moments must always be algebrai- 
cally added to the results obtained from the distribution 
process. 

In cases where joints in the structure are free to 
translate it isnecessary, inaddition, to perform distribu- 
tions analogous to the “‘ sway distributions ” encoun- 
tered in plane moment distribution. In each of these, 
the frame must first be displaced in such a way that the 
distances between nodes remains unaltered and all 
joints are orientated parallel to their undeflected state. 
The moments thus induced at the ends of each member 
are then distributed in the manner similar to that 
outlined above. If the structure has many degrees of 
freedom there will be a number of independent sway 
distributions, and the results of these have to be added 
to the moments found from the first distribution in such 
proportions that the whole structure, and each part of 
it, is in equilibrium. The solution of the simultaneous 
equations involved in this process is best carried out 
by an iterative process if the number of independent 
sways becomes large. 


IV. The Determination of Secondary Moments in Rigid 


Triangulated Space Frames 


The moment distribution procedure, as outlined 
above, is also useful for investigating the secondary 
moments arising from the deformation of axially 
loaded triangulated space frames. The axial loads 
must first be found by Southwell’s method of ‘ tension 
coefficients’ or some other convenient procedure, 
assuming the frame to be pin-jointed, and the con- 
sequent displacements of the nodes determined. This 
may be done in a number of ways; strain energy is 
used in the example quoted later in the paper. Having 
determined all displacements it is now possible to 
refer these, for each member, to its relevant (1, m, n) 
axes, and thus to determine the quantities §; and 5m, 
defined in § II for the typical member AB. The 
initial moments induced in the members are given in 
equations (1) to (4). Thus 


Ly Ly Ir Ti Simp 5 ( 

> 20, 
My = My, = = a lies Sty ) 
Ny Nz 0 


It is now a simple matter to resolve these moment 
components into the (x, , z) directions, by equation (10) 
and to distribute them in the usual way. The shears 
associated with the final moments thus obtained may 
cause a slight unbalance in the axial force distribution 
and in extreme cases it may be necessary to re-analyse 
the frame using successive approximations. This will 
not be necessary, however, when the great proportion 
of the load is carried axially, and the results obtained 
by one application of the above procedure should be 
sufficiently accurate for most practical purposes. 


The Structural Engineer 


V. Application of the Theory to Typical Examples 


(a). It is useful to illustrate the method firstly with 
a simple example in order to demonstrate the basic 


Fig. 4 


distribution and carry-over procedure. For this 
purpose a frame has been selected, consisting of three 
tubular steel members of identical cross-section, 
having the dimensions and loading shown in Fig. 4. 
The joint A is assumed rigid, all ends are rigidly built- 
in and the three members are mutually perpendicular. 

As the members of the frame are tubular, the problem 
is at once simplified by the infinite choice available 
in the selection of cross-sectional bending axes. Thus, 
for convenience these have been taken as shown in 
Fig. 5, which also shows the reference set (x, y, 2). 


Fig. 5 


The matrices of direction cosines for each member 
may now be written down as follows : 
Mas Mac Map 


er AG ee ues) Oni Lao 
| ° 1 0 | | ° 0 | | ° 0 | 
0.058 Or), 10 eee 0) 


For steel, G=0-4E and for tubular members, 
y= Tim: = 0" 5] eonyeeaence: Lysis eee 

and C = GI (polar) = 0-8EI. 

The stiffness matrices for the three members may 
now be written down as follows by substitution into 
The common factor = (or B) has 
been taken out of each term and shown outside the 
matrix. 


equation (15). 


AB Sac ; Sap 
A» 0; Onis 4 0 0 040 QO 
B [° 4 0 | | 0 0:8 0 | Bo 2 0 | 
0. J0,0E8 ) ae Ol aed One Ore 
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DISTRIBUTION OF MOMENTS 


IN SIMPLE FRAME 


Joint © | Joint D 


Bi2 oo 
0-80 
Ono 2 


Bl4 00 
0 80 
004 


| 
B 0-1190,0.90 
O -0:1470.0 
oO oO -01470 


+211-80 


Joint A Joint B 
Member AB MemBer AC| MEMBER AD| MEMBER AB|MEMBERAG|MEmBeR AD 


INDUCTION 
MATRICES 


STIFFNESS 
MATRICES 


RECIPROCAL 
OF DISTRIBUTION 
MATRIX 


x 
hia 
Z 


Components 
of Fixed-Ended 
Moments 


Resultant 
Unbalanced 
Moment 


Release 
Joint A 


Carry- Over 
to BCD. 


Moments 
deve loped 
at A 


Compon ents 
of Resultant 
Moment 


Table I 


Similarly, the induction matrices for the three 


members are found, from equation (16), to be 


Ip Iho Ian 
2 Om O 7a Oa 0 —0:400 
Boe 0 | B| 00-8 0| B| 0 1o| 
0 0 —0°:8 Oe Oe 2, Om, Out 


The distribution matrix for joint A, [—ZS,], found 
by adding S,,, Sac and S,p and changing the signs 
of all terms is, 


—8-4 0 0 
B| 0 —6°8 0 | 
0 0 —6°8 


Components 
of Resultant 
Moment 


and its reciprocal,[—XS,|—! is given* by 


1 P—O-li90 0 0 
Bs | 0 —0 +1470 0 | 
B 0 0 250.1476 


It will be appreciated that all of these matrices depend 
upon the properties of the structure, and not upon 
the loading to which it is subjected. 


*The procedure for determining the reciprocal of a matrix 
depends to a large extent on the complexity of the matrix itself 
and on the degree of accuracy required. 

One approach to the problem is to determine the co-factor of 
every element in the matrix M and to enter this as the corres- 
ponding element in a new matrix which is referred to as the 
“adjoint” of M. ‘The “adjugate’’ must now be found by 
transposing rows and columns in the adjoint. In the case of 
symmetrical matrices the adjoint and adjugate will be equal. 
The reciprocal matrix is then the matrix of terms found by 
dividing each term in the adjugate by the determinant of the 
matrix M. For a fuller treatment of this the reader is referred to 


Reference (7). 
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The fixed-ended moments developed in the members 
AB and AD may now be determined. Considering 
first the moments in AB, 


WS 
Lp = —Lina see 
and, for AD, 
2WS 
M py = —M (x) p = 8 


For convenience in computation, these are given the 
numerical values of 100 units and 300 units respectively. 
It is now possible to distribute the moments by relaxing 
joint A and carrying-over the moments to B, C and D. 
This procedure is shown in Table I, which has purposely 
been spread out in order to show the process clearly. 
For exposition, moments have been enclosed in 
brackets [ ] and joint rotations in parentheses (_ ). 
The (X, Y, Z) components of fixed-ended moment are 
entered in row (1), the resultant unbalanced moment 
at A in row (2) being merely the sum of the three 
terms for the separate members. The joint A is now 
released and the components of rotation, found by 
computing the product of the reciprocal matrix 
with the column matrix in row (2), are shown in row (8). 
The moments carried over to the built-in ends B, C and 
D are next determined, using the appropriate induction 
matrices, and these are entered in row (4). The moment 
change induced in each member at A may also be 


Fig. 6 


found as in row (5), using the stiffness matrices. As 
there is only one joint to relax in this frame, the 
distribution process is now complete and it is merely 
necessary to sum the moments to obtain the resultants 
shown in row (6). These may be referred to the (J, m, n) 
axes of each member by use of equation (9), so that 


the final moments, expressed as percentages of ue 


are derived as in row (7). They are also shown, for 
convenience, on a sketch of the frame, in Fig. 6. The 
results obtained will be found to be in excellent agree- 
ment with those derived by an independent elastic 
analysis. It is of interest to observe that for this simple 
orthogonal frame, there is no interaction between 
moments in different planes, and the method reduces 
to the simultaneous performance of two plane distri- 
butions. 
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Fig. 7 


(b) As a second example, the symmetrical bow-girder 
ABCDE, shown in Fig. 7 has been selected. This 
consists of three identical tubular steel members, 
each of length S, and is such that the ends A and E are 
rigidly built-in, and the joints at B and D are rigid. 
Proceeding as in the first example, the member axes 
have been selected to be horizontal and vertical, and 
the (x, y, z) axis set has been chosen as shown in Fig. 8. 


It is wise to take full advantage of the symmetrical 
conditions in this problem, thereby saving a consider- 
able amount of work. Attention will therefore be 
confined to the portion ABC. The matrices of direction 
cosines for these members are 


Mas Megp 
L atibe a! er x 
V2 V2 
1 0 oe 
Ear Me 7 0 0 4 


Using the same relationships C = 0:8EI as in th® 
first example, the stiffness matrices for members AB 
and BD may be evaluated at this stage, to give 


Sap Spp 
2:4 0 1-6 4 0 0 
B| 0 4 0 | B | ° 4 0 | 

1-6 0 2:4 0 Oy O88 
In the case of the member BD the stiffness matrix 
must be modified if it is intended to dispense with 
the carry-over procedure to the right hand side of the 
frame. It will be appreciated that the major and 
minor axis stiffnesses must be reduced by a factor of 
2 in order to achieve this, as this modification will 
then give the same moments as those developed by 
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one joint relaxation less than 50 per cent carry-over 
from the opposite end. The torsional stiffness must be 
regarded as zero for this member, however, as no 
torsion can develop in BD at any stage under the 
symmetrical loading condition. (These modifications 
may be compared with the well known case in plane 
moment distribution in which the 3 term is sometimes 
introduced to avoid the necessity to balance and 
carry-over from a pin end). The modified stiffness 
matrix for the central member is thus, 


Spo 
Die me 
| 0 2 0 | 
C= 02 0 


The induction matrix for member AB may be found 
from equation (16) to be 


lap 
0-6 0 1-4 
B| yee | 
1:4 0 0-6 


Since there is to be no carrying-over in BD, the 
induction matrix loses its significance for this member. 
The distribution matrix for joint B becomes 


eid 0. <21-6 
3s = B| (eG 0 | 
16 0 


and its reciprocal is 


i fr 20230 1/00 +.0-20 
Sr Al 0 —0-1667 0 | 
40:20 0 25.55 


Consider now the moments developed in the bow 
girder when the central vertical load W is applied at C, 
and the joints B and D are supported in order that 
they do not deflect downwards. The fixed-ended 


8 


, Set, ‘ : 
moment at B is, of course, , with a horizontal axis 


and has been given the numerical value of 100 units, 
as shown in the first distribution (Table II). The 
distribution process is also simple for this problem ; 
there is only one joint to be released, and one carry- 
over to the built-in support, at which stage the final 
moments may be determined. These have been 
resolved back to the (1, m, n) axis set for each member, 
the results being entered in the last line of Table II 
and shown in Fig. 9. 


05530 W 


Fig. 9 


191 


First DISTRIBUTION 


Bow GirbeR - 


INDUCTION 
MATRIX 


MooiFIED 
STIFFNESS 
MATRICES 


RECIPROCAL 
OF DISTRIBUTION 
MATRIX 


Initial 
Moments 


Release 
Joint B 


Ca rry- Over 
to A 


Moments 
Developed 
at B 


X] Components 
Y | of Resultant 


Z| Moment 


L| Components 
of Resultant 
N 


Moment 


Table II 


In order to compute the additional moments caused 
by the removal of the supports at B and D, equal 
downward deflections of arbitrary magnitude have 
been applied to these joints. This results in the initial 
moments in the member AB (for the half-frame being 
analysed) shown entered at the top of the sway distri- 
bution (Table III). These have been distributed in 
the same way as was done in the first distribution ; 
and the results are shown in Fig. 10, after having 


/ 
0:0852 Ws fae 
05530 Ww 
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Bow GIRDER- SECOND DISTRIBUTION 


MEMBER AB 


Initial 
Moments 


Release 
Joint B 


Carry— Over 


to A 


Moments 
Developed 

at B Ee 

x Components 
Y|of Resultant 
Z| Moment 


le Components 
of Resultant 
N| Moment 


Table III 


been scaled up to the correct extent to neutralise the 
effect of the reactions at B and D. The final system 
of moments has been obtained by combining the 
results of the two distributions in such a way that 
the bow-girder is in equilibrium without external 
reactions at B and D, and is shown in Fig. 11. 


0:0499WS / 


0:0499 Ws 


Fig. 11 


(c) For the third example, the secondary flexural 
stresses arising from the deformation of an axially 
loaded tripod are examined. As shown in Fig. 12, 
the rigid steel tripod, OABC is rigidly connected at 
O and is rigidly fixed at the base supports A, B and 
C which are in the same horizontal plane. The joint 


O is subjected to two horizontal loads, P and = at 


right angles. All members are assumed to be of identical 
dimensions and of tubular section. For the analysis 
the axes for each member and for the distribution 
have been selected as shown in Fig. 13. The direction 
cosine matrices for the members thus become 
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Moa Mos 
ey gat! ale 
/3 4/3 /6 /2 V/3 
—/3 +1 
0 —1 0 iT Te 0 
“1 0 —/2 —l1 —1 —1/2 
/3 1/3 25/3. 82 AS 
Moc 
hee ed 
V6 V2 V3 
+V3 +1 4 
279 
erie denny 
2S ae va | 
The stiffness and induction matrices evaluate as : 
Soa Sos 
ElR2-933" 0) 1251 lee 3-733 —0-462 —0-755 
s| gece) [S| 04% --3-200 —1-307 | 
1-511 0 1-866 —0-755 —1-307 +1-867 
Soc 


EI 3-733 +0-462 —0-755 
Sy | --0-462 +3 -200 +1307 | 
—0-755 +1-307 +1-867 


lon los 
EI[-+1:067 0 +1:320] EI[+1°767 —0°404 —0'660 
Ss 0 2 0 S | —0°404 +1:300 —1'143 
+1°320 0 +0°133 —0°660 —1°143 +0°133 


loc 
EI ~-+1-767 +0-404 —0-660 
S| +0-408 +1-300 114s | 
—0:660 +1-143 +0-133 


Hence the distribution matrix at O becomes 
EI [set -400 0 0 | 


S Oni pees102400)) 0 
0 0  —5-600 


Fig. 12 


I 
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A ae 


B 


Fig. 13 


and its reciprocal is the following diagonal matrix ; 


S) —0-0961 0 0 
Ta | 0 —0-0961 0 | 
e i) —0 -1782 
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Having determined the induction and distribution 
matrices it is now necessary to determine the initial 
fixed-ended moments developed by the displacement 
of the apex joint 0. Loads P, Q and R have, for this 
purpose been applied at O in the (x, y, z) directions, 
in order that the three displacement components 
might be found by strain energy methods. 


As pointed out in § IV it is first necessary to deter- 
mine the axial loads, and an interesting variation of the 
tension coefficient method is to resolve by means of 
the direction cosine matrices. Thus the compressive 
forces No, Nop and Noggin the corresponding members 
may be derived from the relation, 


Le ]- 


0139 


P (2+¥3) 
v3 TENS. 
1-936 
B 2276 
0-402 


Fig. 14 
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DISTRIBUTION OF MOMENTS iN TRIPOD 


'320 EL |I-767 -o404-0-60|_ ETII-767 +0-404 -0:660 
EL EL NDUCT 
aes eo +tsgoiMs]OC""S)o4nk 0300 +14 ieee 
-0: 3 


O33 660 -1:143 +01 0-660 +1143 +01 


1s] EZ [3-733 -0-462-0755 Te teres 
1866 0755-1307 +1867 -0°755 +1307 +186] 
x -Q036F O O RECIPROCAL OF 
ie) ~0-096! O DISTRIBUTION 
) O -O1782 MATRIX FOR O 
JontA Jot B JomtC] Jot OT 
MEMBEROA|MEMBER OB MEMBERO 
a F +V6 lif +V6 | 
-2V6 ||| -2v6 i tial ; 
-¥3/(\-2y3 -V3 (\+2V3) OMmentsS 
: = 2 =| (Note that all 
a . +2450 ||| +2450}| moments are to 
~4-899|| | ~4:839|| be multiplied by 
+2134 732|| | +2134] [sce ae ) 
ee Bie. Resultant 
14697 Unbalanced 
Les: Moment at O 
—0°706 Release 
+1412 Joint O 
(6) 
Carry - Over 
to A,BC. 


-1'983]| Moments 
+4-192!| Developed 
+2:378|| at O 


+04 Components 
-0:707\ Iv | of Resultant 
— | 488 |Z | Moment 


L| Components 
of Resultant 
N} Moment 


Table IV 


| 
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giving 
| Ne x es (4P — VR) 
= _ v3 9 24/3 2 
Nos = —V& @P +230 + y2R) 
73 ms 3 
Noo = — VS @P—230 + y2R) 
aU 
Sey aes 
‘Ss 


( (4 p—viR) 
H(=2) ) (2p + 2/3 Q + van) 


er) ee) (ep 24/3,.0 1 var) 


Making use of the fact that Q aa 1 ==(0) 
5 +2PS 
Be ae A 
ae PS 
Similarly Syo = Tae 
Nee = 0. 
Hence for member O4, 
ee Poniyen 8 el 2)] epsi (2v2 
EA |/3 V3 EA 3 
San Nai 9 a io —I 
ea ee 2 
- ie /S| 1.0 | 468 
and, from equations (20), (10) 
x 7 IL 
Pals, |) M M 
Ze N 
pet sf v2 9 1). [ 4 
S20 BAN 44/3 V3 
+6y2 
0 —1 0 V3 
Hi 4 v2 ; 
ve 9 VB : 
+34/2 
/3 
= 2P| —6y3 
S /3 
L+ v3 
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In a similar way, it can be shown that, for OB, 


xX /6 
2TP —44/3 
te 1S ie 
Zi — f< a 
| gz l—29) 
and for OC 
K V6. 
y ee? Ax/3 
AS ae 
Zi Says 


alee: 273) | 
The distribution may now be undertaken, as shown 
in Table IV, the final moments (expressed as coefficients 


of (Gs) and axial loads being shown in Fig. 14. 


VI Conclusions 


The foregoing examples will illustrate the process 
of solution of space frames by moment distribution. 
It will be apparent from the relative simplicity of the 
method that it affords a convenient means of analysis. 
This is especially so in the case of space frames when 
the order of redundancy is large, and the number of 
degrees of freedom (and consequently the number of 
independent sway distributions) is small, as illustrated 
by the tripod problem. The majority of the computation 
is in the evaluation of the distribution and induction 
matrices, which, when once found, do not change for 
different loading conditions. Thus the method is quite 
convenient for problems involving moving loads. Even 
if it is desired to make some slight modifications to the 
structure itself, it is probable that few of the matrix 
terms will need to be altered, so that corrections to 
the matrices and their reciprocals may be made 
relatively easily. 
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Discussion 


The Council would be glad to consider the publication 
of correspondence in connection with the above paper 
and also the following paper on pp. 196-199. Com- 
munications intended for publication should -be for- 
warded to reach the Institution by 31st August, 1960. 
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Uniform Load on a Slab or Plate 
Stiffened by Beams 


By M. Holmes, B.Sc., Ph.D., A.M.I.C.E. 


Synopsis 


The paper describes a method of analysis for beam 
and slab (or plate) systems. The theoretical analysis 
in its general form may be used to solve various loading 
conditions, but the computational work tends to be 
excessive. For the particular case of a uniform load 
over the whole area of the stiffened slab, however, the 
results of the analysis may be expressed as a set of 
coefficients the values of which may be represented 
graphically. For uniform loading, therefore, the 
method of analysis is suitable for design purposes. 


Introduction 


A fully referenced account has recently been pub- 
lished! of the existing types of analysis which are 
available for grid frameworks, beam and slab and other 
related structures. In this account the authors, Hendry 
and Jaeger, point out the disadvantages of existing 
applications of plate theory to beam and slab structures. 
Many of these theories assume that there is no shear 
transmission between plate and beam i.e. only vertical 
loads are transferred. In addition these methods 
involve prohibitive amounts of arithmetical compu- 
tation. 

The method of analysis described here makes a 
minimum of simplifying assumptions and, for the 
particular case of uniform loading, may be reduced to 
simple design curves. As uniform loading is present 
as the structure dead load, and is not uncommon 
as a design live load, it is worth while to develop the 
analysis for this particular case of loading. The theory 
has already been described in general terms?, there- 
fore,only a brief description is given here, after which 
the general theory is developed for the special case of 
uniform load. 


NOTATION 
l — Span. 
a — Spacing of stiffening beams. 
h — Thickness of plate or slab. 
d — Depth of stiffening beam. 
> — Depth to centroid of stiffening beam. 
A — Cross-sectional area of stiffening beam. 
E,;I — Flexural rigidity of stiffening beam. 
D — Flexural rigidity per unit width of plate or 
slab = Es 
~ ACS wey 
v — Poisson’s Ratio for plate or slab. 
m — Ratio of moduli of elasticity of beam and 
Ey 
slab = ok ‘ 
M,N — Bending moment and axial force acting at 
centroid of beam. 
fxfy — Direct stresses in the plate or slab. 


MxMy— Bending moments per unit width in the 
plate or slab. 

q — Applied load per unit area. 

w — Deflection of plate or slab. 


Basis of Analysis 


The beam and slab system, Fig. 1(a), is considered 
to be semi-infinite i.e. to consist of a large number of 
bays of width a. The results of the analysis thus 
strictly only apply to bays remote from an edge. 
However, the deflections and stresses (due to uniform 
load) in a bay at, or adjacent to, an edge will in general 
be less than those at the inner bays. The edge bays 
may, therefore, be safely analysed by the methods to 
be described. It may, however, be necessary to con- 
sider torsional effects which will arise near an edge. 

The differential equations governing the deflections 
and direct stresses in the slab are respectively :— 


a aw 4 
axt + 7 Baqye + a — D a) 
and 
4 4 4 
Of aionee a. o“f O : ; ; +“ (2) 


ox4 ' ~ Ox2dy2 ' dy4 


Where additional second order terms, due to membrane 
action, have been neglected in equation (1). General 
solutions for equations (1) and (2) are obtained in 
Fourier Series form which satisfy the conditions of 
zero deflection and moment at the simply supported 
ends x = 0 and /. These general solutions contain four 
unknowns, which may be determined by us‘ng the 
following known conditions :— 


(a) due tosymmetry, the slope 5 =Oaty=+ sand O 
(b) due to symmetry, there is no displacement in the 


Mak a 
y-direction at y = +, and0 


(c) the equality of strain in the beam and plate at 


their common surface of contact along y = + 5 
(d) equilibrium considerations for an elemental 
length of the beam. 


For uniform loading there is rapid convergence of 
the series solutions for equations (1) and (2), and only 
the first terms need be taken, this enables the results 
of the analysis to be expressed in a simple form. 

Having solved equations (1) and (2) by using the 
conditions (a)...(d), the stresses, moments and 
deflections at all points in the beam and slab system 
may be written down. Fig. 1b shows the bending 
moments and direct stresses in the slab acting in their 
positive directions, and also the bending moment and 
axial force acting at the centroid of the beam cross- 
section. As these quantities are in general a maximum 


at mid span (: a 5) , their values at mid span are 


given below :— 
Mid Span-Stiffening Beam, i.e. x = : Ape 5 
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Deflect = 5 = rya 
M = He = K 
N =4 (1 nm se) K hy ks 
fe = oat t 2) K ko ka 
f+ we (1 a5 ) Khoks 


i gas ga | (x ke ae | 


M;= su G ol) ey oe | 
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8 
ql? 
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eee ere be ee 
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SS 
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Fig. 3—Transverse cross section 


It will be seen that the above quantities are all 
expressed in terms of the geometrical and elastic 
constants for the structure, together with a set of 
coefficients (k) which may be evaluated graphically 
from Fig. 2. The method is also applicable where the 
slab and stiffening beams are constructed in different 
materials. 

The equations from which the curves in Fig. 2 were 
plotted are shown in Appendix I. 
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Experimental Verification and Worked Example 

Results have been published? of uniform loading 
tests on two 15 ft. span beam and slab decks, which 
may conveniently be used both as a worked example 
and experimental verification of the theory. The two 
decks, reference numbers S15 and C15, are shown in 
Fig. 3, measured deflections and beam strains for both 
these decks are quoted in reference’. It is proposed to 
show detailed working for 515, and a statement of the 
results for C15. 


Specimen S15 
The section and material properties given in refer- 
ence are reproduced below :— 


Beams 
Moment of inertia I =89-0in.4 
Section Modulus Z. = 7-8.10,8 
Cross-sectional area A = 2-64 in.2 
Modulus of Elasticity Ex, = 30 x 108psi 
Span = 80a 
Spacing (= Abst 
Depth Gh = oyun 
Depth to centroid of bam == ee = a 5 in. 
Slab 
Thickness kh =1-75in 


Modulus of Elasticity Es = 3+8 x 108psi 
Flexural Rigidity per unit width D 


3 
eee ey 108 Ibs/in. 
12 
Ey 
= 2 Se) 
Loading 
Load per unit area g = 0°597 psa. 
lh3 180 ka4 oe eee 
Hence al => 77.0 <6 06m ==} des 1 es 
lh 180 x 1-75 
ant mi = 97-0 Rae ee 


Reading from the curves of Fig. 2 taking Poisson’s 
Ratio = O, 


lh 
for 5 = 0-1; hi 5 = 120, by = 08, 
f — 120 _ : 
“hi = s75 = 98:3 
a lh 
- = ——_- = oH 
for j 0-1, a 15:10; kg = 1: 
1 
elogey 756 — 


ad \* 
x 1 
~ 1+ 38-3 + 1-2 (1 + 5-71)2 
K = 0:0107 
« ‘Mid SPan deteoutt anaes ee 
. Mid Span deflection of be = 384 ° 
5.397 ee) ee OF ae : 
eS 384 x 1-7 x 106 = 0-052 inch 


2 
Mid Span bending moment on beam = M = e 7 1.4 


_ +597 Xx (180)2 x 80 x 106 x 39 x -0107 
ee 8 x 1:7 x 106 


= 17,900 in.Ib. 
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; M 17,900 _ 
md B a $= — = + ——___. aS C 
ending Stress = -- Z -- 7.8 = +2 2,290 p. s.. 
Direct force in the beam = N = 4- & 1 ++ =) K kg hg 


‘597 x (180)8 x 6-71 x -0107 x 1-2 x -08 
Saecelie7o) 
= + 4,670 lbs. 
*, Direct Stress in beam = 


= + 


N 4,670 : ; 
= 7 Aire ++ On me + 1,730 p.s.1. 
Total Stress in bottom flange of beam = 
+ 2,290 + 1,730 = + 4,020 p.s.i. 
*, Total Strain in bottom flange of beam = 
4,020 ae ; 
Regaine 184 x 10 


These calculated values of deflection and beam 
strain for S15 are compared in Table I with the 
corresponding experimental values, the calculated 
and experimental values for C15 are also included. 

It will be seen from Table I that the edge beams, 
which only support half a loaded panel, have deflections 
and strains smaller than the calculated values. The 
agreement between the calculated and experimental 
results for the central beam (c) is very good. 


TABLE I 
Strain and Deflections at mid span due to uniform Loading 


Beam C 
Strain in 
bottom flange 
of beam 
110 


Specimen 


$15 Experimental 
Calculated 


C15 Experimental 
Calculated 


Beam 
deflection 
inch x 10—* 


$15 Experimental 
Calculated 


C15 Experimental 
Calculated 


Although experimental strains in the slab are not 
quoted in reference’, the stresses in the slab may be 
calculated as follows. 

At the mid-span the longitudinal bending moment 
per unit width of the slab is given by :— 


gl? a 
Mx = Ti (K—1) he + 1 and for —- 109 7 — 
: 2 
zs oe [(-o107— 11 + | 
= 25-9 in.|b. 
The slab is lightly reinforced longitudinally, hence 


Zz a 0-51 ins.3 
ric Ane $ nha ee 


ik as rs the longitudinal bending stress 
cv > Se pales = + 51p.s.l 
The longitudinal ee stress at mid span is, 
a 
ix = (1 +- 2" ha, and. for s = Ory ko=1 


= 597(180) 


4(1 +75)? 
= — 136p.s.i. 


terre? 7)) x 90107 *% 1-2. I 
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Hence the total stress at the top of the slab 
= —136—51 = —187 psi } 
and the total stress at the soffit of the slab 
= —136 + 51 


compressive 


= —85 psi } compressive 
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A Commentary on the New British Standard 
449 (1959): The use of Structural Steel 
in Building * 


Discussion on the Paper by John Mason, B.A.(Cantab.), 


M.1.Struct.E., A.M.I.C.E. (Hon. Treasurer) 


THE PRESIDENT proposed a vote of thanks to 
Mr. Mason, first for having taken the trouble to write 
his paper in time for it to be published in THE 
STRUCTURAL ENGINEER so that members could read it 
before coming to the meeting, and secondly, for his 
clear exposition of certain of its salient points. 


Discussion 


Mr. R. Gray (Member), said he had submitted 
a written question on Clauses 13 and 14 which related 
to combined stresses. He had noticed that in the new 
edition of the Specification careful reference was made 
to wind stresses and in the combined formula given in 
Clause 14 an increase in stress was permissible only in 
relation to those stress ratios which actually included 
wind stresses. This led to an extraordinary position 
as indicated by the figures which he had submitted to 
Mr. Mason, and he would be glad to have his comments. 


Mr. R. G. TAyLor (Member), said that the part of 
the Specification which interested him particularly 
was the introduction of the 24 per cent rule covering 
the requirements for lateral stability of compression. 


Clause 31 referred to specific reductions of the 
effective lengths of discontinuous struts from 0-7 to 


0-85 The provisions were not intended to apply 


to continuous angle struts which it was stated should 
be designed in accordance with Clause 26. Referring 
to Clause 26, it was found that the effective length of 
all struts was the maximum length between the points 
of effective lateral support. To be effective, these 
points of lateral support had to be capable of providing 
the 24 percent resistance required by the standard. 
In other words, the continuous strut was deemed to 
be less effectively restrained than the discontinuous 
angle strut since no reduction of length was permitted 
even where joints were restrained. 


If the rafter of a roof truss was designed between 
purlins, then the purlins, in addition to carrying their 
normal load, would also have to carry a proportion of 
the 24 per cent resistance required. In that case, how 
did one design a purlin since the purlin rule was 


* Read before the Institution of Structural Engineers, at 11, 
Upper Belgrave Street, London, S.W.1., on the 26th November, 1959. 
My. L. E. Kent, B.Sc., M.I.Struct.E., M.I.C.E. (President) 
in the Chair. Published in “‘ The Structural Engineer,” Vol. 
XXX VII, No. 11, pp. 335-342 (Nov. 1959). 


empirical and not related directly to stress in the 
purhn. 


If the points of lateral supports were not purlins, 
then they were presumably some form of restraint 
connected to roof bracing capable of providing the 
24 per cent resistance and in that event, the rafter 
would have to be designed on the full length between 
the points connected to the bracing. We should, 
therefore, in future have to design our rafters on much 
longer panel lengths than in the past or supply more 
lateral bracing or design purlins on combined stress 
and then connect them to bracings. 


As a seeker after the truth, he asked where the 
2} percent came from and suggested that in the 
overthrow from previous specifications, it was put in 
more in ignorance than for any other reason. Would 
not 1} percent do? He would like to know why 
there was a new decision to consider a cumulative 
74 per cent and how was it that this had been fixed 
at a limit. 


Another aspect was the separation of loadings, 
including wind, from B.S.449. On the face of it, it 
seemed a harmless and indeed praiseworthy thing 
to do. One had to be careful, however, in using a 
separate and arbitrary loading specification. In 1937, 
there were certain wind loadings and in 1948 these 
were altered to more realistic figures. He understood 
that wind loadings might now be increased and brought 
more into line with American practice. Should 
American figures be adopted, then even on small 
buildings of say 10 ft. to 20 ft. high, the loading due 
to wind, especially with internal pressure, would be 
far greater than the dead plus imposed loading. Even 
allowing for the 25 per cent increase in stress allowance 
for wind loadings with our present standard, we should 
then have the undesirable state that the bottom tie 
of a roof truss would work out greater than the rafter. 
In other words, although the wind loadings might be 
realistic, their application to B.S.449 might well 
produce unrealistic results. B.S.449, therefore, should 
be reviewed and revised simultaneously with any 
revisions to Chapter 5 to keep it in line with reasonable 
practice. If this was not done, then due to the alteration 
in wind since 1937, most structures where reversals 
occurred, would be unsafe. 


Mr. D. A. Taunt (Associate-Member), said the 
new B.S.449 specified a minimum thickness of metal for 
steel tubes of 10 gauge. Manufacturers’ handbooks 
however, showed that the standard thickness of many 
useful tubes was 9 and 11 gauge but not 10 gauge. 
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He asked if there was any tie-up with the manu- 
facturers which might lead to their producing sections 
conforming with this ‘ minimum thickness ’ standard. 


Mr. G. B. GopFREY (Associate-Member of Council), 
observed that the new edition of B.S.449 was note- 
worthy in that for the first time steel tubes and 
rectangular hollow sections had taken their place 
alongside conventional rolled steel sections. Mr. Mason 
had mentioned the five types of tubes which were 
allowed by the new Standard but, in fact, practically 
all the tubes employed for structural purposes were 
either hot-finished welded tubes made by the continuous 
weld (Fretz-Moon) process or hot-finished seamless 
tubes made by the rotary forge (Pilger) process. 

Grade 13 tubes (yield strength 13-5 tons per sq. in.), 
were allowed but as their cost per ton was only a little 
less than Grade 16 tubes (yield strength 16 tons per 
sq.in.), the great majority of mild steel tubes used 
in structures were in the higher strength steel. High 
tensile steel tubes of Grade 20 were specifically 
mentioned, but steels of higher yield strength were 
also available. 

Clause 12, minimum thickness of metal, had been 
mentioned in the discussion. It was of interest to note 
that the wall thickness of tubes could be less than 
10 gauge if some special protection against corrosion 
(such as galvanising) were provided. 

Mr. Godfrey particularly wished to draw the attention 
of members to Mr. Mason’s remarks in the section 
entitled Basic Stresses on p.338 of his paper. His own 
impression had been that higher stresses were allowed 
in flexure because they were localised in the outermost 
fibres of the member, whereas the lower stresses allowed 
in tension or compression were often uniformly distri- 
buted over the whole section. It was, however, perfectly 
logical for Mr. Mason to invoke the Plastic Theory to 
justify the bending stress of 10-5 tons per sq. in. 
allowed for rolled steel joists and channels, their shape 
factors being about 1-15 and 1-17 respectively, or 
10 tons per sq. in. for plate girders, as their shape 
factor was usually somewhat lower. The shape factor 
for most structural tubes, however, exceeded 1-30, 
increasing with the thickness/outside diameter ratio 
and reaching 1-70 for a solid bar. This was known to 
Dutch! and German 2-8 dock engineers who used the 
guaranteed yield stress (in tension) as the allowable 
working stress in the high tensile steel tubes employed 
in dolphins. 

The load factor for tubes and hollow sections would 
be no less than the value of 1-75 for an R.S.J. if the 
allowable bending stresses for Grade 16 and 20 material 
were raised to 11-5 and 14-0 tons per sq. in. respective- 
ly. Mr. Godfrey believed that they could be even 
higher for seamless tubes as the manufacturing processes 
resulted in the yield strength being much higher than 
the values implied by the relevant Grades. Would 
Mr. Mason kindly comment on this reasoning ? 

Mr. Godfrey emphasised that Tables 3 and 4 in 
B.S.449 did not apply to tubes or hollow sections, 
as flange instability would not occur. 

He then sketched the curve for mild steel or Grade 16 
struts derived from Table 17 of the Standard, as shown 
in Fig. Al. 

He stated that although the buckling of a slender 
strut (i.e. in the Euler range) was independent of the 
profile of a member, the effect of shape on a stout 
column was most marked, a tube being much stronger 
than say, an R.S.C. or an angle. Unfortunately, only 
the Germans had officially recognised this fact. Until 
1959, the curve for all stout mild steel struts, derived 
from the appropriate table in DIN 4114, had been as 
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shown in Fig. Al. In January 1959, however, the 
German building authorities agreed to raise the 
stresses for stout tubes, with the proviso that the 
maximum allowable stress should not exceed the 
basic stress of 1,400 kg. persq.cm. (8-89 tons per 
sq.in.). The relevant research and justification for 
the increased stresses were contained in a paper by 
Kléppel and Goder’. 7 
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Fig. Al 


It appeared that there was more than a reasonable 
case for a similar increase in the allowable stresses 
for stout tubular struts here. Perhaps this could be 
considered during the periodical review of the Standard. 

Mr. Mason had quoted the empirical formulas for 
angles used as purlins. Mr. Godfrey observed that 
there were also formulas favourable to tubes. 


Mr. J. Forp (Associate-Member) said that the same 
use of increased stresses in filler joist floors was 
permitted in this specification as in the previous one 
and he presumed that this was intended to take account 
of composite action between concrete and steel. 

He felt that in the absence of any warning to the 
contrary, there was a danger that this advantage might 
be taken when in fact it was not valid. Should a 
contractor elect to suspend the shuttering from the 
floor joists without any other support, the joist alone 
would carry the dead load and the composite section 
only the live load. Such a procedure could result in 
the joist being quite severely overstressed if the full 
live load were applied, and he suggested that some 
warning should be given so that the designer would 
be reminded to specify the support of joists when the 
floors were cast. 
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Mr. L. E. Warp (Member of Council), referring to 
the semi-rigid method of design, asked if it would not 
be possible, inasmuch as the 1936 recommendations 
had been republished as an addenda to the present 
document, to modify it so that it would be at least 
a little nearer to the stresses used in design now. 

Secondly, in regard to purlins, no differential 
seemed to have been made, whether a purlin was 
simply supported or continuous. We all appreciated 
that the deflections in a continuous purlin were half 
as much as when it was simply supported. 

Mr. G. Hocan (Associate-Member), following Mr. 
Godfrey’s remarks on tubes, asked if the position 
concerning the //r ratio and the relevant D/t column 
(Table 3) to be used when designing a tube as a beam, 
could be made clearer. 

Mr. WARD commented that Table 8 in B.S.449 
related to a critical stress and an allowable working 
stress, which were literally taken from B.S.153, and 
the factor of safety seemed to vary from 2 to 8. It 
appeared that, as a girder became stronger, so the 
factor of safety increased many times. The paper 
referred to this and to an allowance for imperfections, 
but he could not think of more than the critical stress 
and the allowable stress. We ignored that in B.S.153 
ordinary rolled beams were designed under the same 
formula. 

Concerning combined stresses, he said that in cased 
columns and cased struts we had to divide the actual 
load by the allowable load. He asked if that would 
lead to rather revolutionary designing, and suggested 
it would be simpler if, instead of designing our concrete 
to a stress of 830 lb/sq. in., we added 1/30th to the 
area and divided by the permissible stresses in the 
usual way. 


Mr. Joun KinG (Associate-Member) remarked that, 
having looked at the new document and listened to 
all the very erudite remarks made at the meeting, 
he had concluded that the document was tricky, 
to say the least. He wondered what the Author thought 
about the point that, whereas it was probably quite 
proper to have the document in the hands of senior 
engineers, it must be remembered that it would be 
used by unqualified men, often fairly young men in 
the office. If qualified men had difficulty in under- 
standing and interpreting everything in the Standard, 
how much more difficult would it be for the younger 
men who had to use it every day. 


Mr. C. M. DEAN (Graduate), pointed out that the 
new B.S.449 made no mention of angles in bending. 
In formula (2) (page 339 of the paper) certain factors 
were given relating to I sections, and he asked if 
Mr. Mason could indicate how we could modify the 
formula to fit short angle sections. 

Referring to bending in heavy compound columns, 
which might be made of three rolled steel joists, one 
forming the web with the others attached to each 
flange, one could obtain quite sturdy sections to which 
the code did not seem to give full coverage. We could 
not, according to the code, take into account the 
favourable D/t ratio given by considering the whole 
of the rolled steel joist forming the flanges in order to 
increase the average value of T. He thought that the 
rolled steel joist forming the flange tended to stiffen 
the member rather more than the code permitted and 
he asked why provision was not made in the British 
Standard to make allowance for such sections. 


Mr. O. A. KERENSKY (Member), discussing wind 
loading, said that the intention of the Specification 
was that every structure should in the first instance 
be designed to carry dead loads and live loads at 
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normal allowable stresses and then checked for wind 
and secondary effects of live load, if any, using appro- 
priately increased working stresses. He did not see 
any room for controversy in this respect and maintained 
that if in any member there were any increase in 
stresses due to wind, whether bending and/or axial, 
all the allowable stresses should be increased by 
25 per cent, that is : 

f a ji b=>j], 

F, + fee 1-25 

If the above equation was satisfied when stresses 
due to wind were included, the make-up of the member 
need not be altered, if not, it must be modified in such 
a way that the equation was satisfied. That was the 
method specified in the current B.S.153 but not in 
the latest B.S.449. He hoped, however, that this 
would soon be amended. 

With reference to the strength of tubes in com- 
pression, the Perry-Robertson formula was based on 
tests carried out on joists and rectangular sections, 
and it was true that tubular sections were superior to 
either. The strut formula contained no shape factor, 
whereas the new beam formula did. He suggested that 
higher average compression stresses could be adopted 
for tubular struts than for the less favourable sections, 
such as I beams, angles and channels. He doubted if 
a tube in bending would ever fail through lateral 
instability and believed that most tubes in bending 
would in fact be designed against failure by yield, in 
other words, at maximum allowable bending stresses. 

He regretted that in the latest B.S.449 no mention 
was made of angle and Tee sections in bending. For 
example, a Tee acting as a slender beam was obviously 
more stable laterally when the horizontal table was 
in compression than when it was in tension. The 
B.S.153 rules reflected this fact. For any given //r, the 
critical stress for a Tee with its table in compression 
was greater than, and with its table in tension smaller 
than, that for a corresponding I section. Dealing 
with crane gantry girders, in which channels or joists, 
placed horizontally, were used as compression flanges, 
the new beam formula reflected the improvement 
in the lateral stability of such sections by taking into 
account the shift of the neutral axis towards com- 
pression flange and the improved slenderness ratio 
of the section as a whole. 

Mr. Kerensky could not understand a suggestion 
by one of the speakers that the load factors in the 
new beam formula varied from 2 for long slender 
beams to 8 or more for short ones. The allowable 
stresses in short beams were related to yield stress 
of the material with a safety factor of about 1-5, and 
in long beams to critical buckling stresses with a load 
factor of about 2. There was an intermediate transition 
zone where the critical stress curve was modified to 
merge into the yield stress, and the load factor in this 
region could be as small as 1-4. A load factor of 8, 
or even of infinity could be obtained by comparing 
the allowable stresses with the theoretical critical 
stresses as given by the critical stress curve (similar 
in shape to the Euler curve for struts). At slenderness 
ratios of somewhere between 60 and 100 this curve 
became asymptotic and, therefore, could bear no 
relation to the actual strength of the compression 
flange. 


Mr. P. L. Capper, T.D. (Member), asked if Mr. Mason 
could explain a point in connection with formula (2) 
(p. 339), where he had referred to substituting some 
approximate geometrical properties, among which was : 
= a 


Ix 
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He commented that that quantity could not be 1. 
Recalling Mr. King’s comment that a number of 
tricky points had been included in the new Specifi- 


cation, Mr. Capper considered it was a very good 


thing to do so. The policy in regard to some documents 
of that type was to dispose of matters which were 
somewhat controversial by leaving them out. 


Mr. WARD, referring to Fig. 2, said the load factor 
curve was not midway between the base line and the 
critical stress curve until it reached 10. He considered 
that the curve could be higher; but he did not know 
how high. 


Mr. C. S. Gray (Associate-Member), pointed out 
to the meeting that the new B.S.449 was not a text 
book, it still left a little room for the exercise of engi- 
neering ingenuity ; that was why some of the things 
in it might appear to be liberal. 

On the question of what to do with angles, he said 
they did not suffer a reduction factor and therefore, 
they took the full stress. Taking the document as it is, 
it meant exactly the same thing, 14 or whatever it 
might be, according to the strength of the material. 

Concerning bending members, if one took the trouble 
to read B.S.153 one found the magic quantity: 

Ix —TIy 
Daamtin : 
which covered everything. If Jy were bigger than Ix, 
probably the formula did not apply at all. The 
formulae in the document were based on a lot of 
fundamental research, and we could rely on them. 


Mr. TAYLOR speaking of purlins, said that with the 
introduction of the 15lb. imposed loading against 
10 lb. previously applied, it was realised with horror 
that almost every purlin in the country would be 
increased in size. The rule was altered to WL/115 
instead of WL/90 previously used so that the purlins 
would not alter with the new imposed loadings. He 
considered this reasonable. 

Unfortunately, when it came to bringing tubular 
purlins in line with these modifications, it could not 
be done since previously they had been designed on 
theoretical rules of WL/80 and WL/120 implying simply 
supported or continuous purlins at 10 tons per sq. in. 
To overcome this difficulty, tests were carried out on 
a27ft.6in. span roof, 75 ft. long with trusses at 
15 ft. centres and with 4in. x 3in. xX in. angle 
purlins on one slope and 3in.o.d. x 10 ga. tubular 
purlins on the other. Tests were made on semi- 
continuous purlins, on purlins continuous over two 
bays with connections similar to rolled steel angles 
and finally, on discontinuous purlins with a single 
bolt connection at each end to simulate what might 
loosely be regarded as simply supported conditions. 

A special bridge to match the roof slope had been 
built so that accidental loads would not be applied 
to the roof during tests and increments of loading had 
been applied taking all tests up to 223 lb. imposed load. 
The tests showed that although the deflections under 
these severe loads were visible, even under the worst 
conditions, there was no permanent set and no damage 
to sheeting or fastenings. The results of these tests 
supported by practical experience form the basis for 
design rules in B.S.449 for tubular purlins and confirm 
the rules for angle purlins. 


Mr. W. W. Barker (Associate-Member), said that 


_ in two places in the new British Standard mention was 
made of deflection, one in connection with elastic 


theory in simple design and the other plastic theory 
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in rigid design. He asked if Mr. Mason would adopt 
normal theory for calculation in both cases, or make 
some modification in terms of a plastic modulus or 
inertia, for the latter design conditions. 

Further, the Code did not appear to allow for the 
assistance given in many cases by construction, the 
torsion condition in beams and connections for example, 
would disappear if the construction was considered. 
To design buildings as steel framed free-standing 
skeleton frames was still common practice and the 
assistance given by construction was ignored. The 
bending moment distribution in a rigid frame would 
be much affected if construction was considered. Wall 
beams, for example, could be designed as deep beams 
to cill level, and floor slabs would assist beams in 
bending. 

Thirdly, Clauses 21 and 30 contained regulations 
for concrete encased steel beams and_ stanchions, 
giving working stresses, radii of gyration, and equi- 
valent stanchion areas etc., but did not include rules 
for determining the stiffness factors, or inertia values, 
when using these sections in continuous or rigid 
structures. These members were heavily reinforced 
and could easily be integrated with main structure 
if the building had walls and floors. 


Mr. Mason, replying to the discussion, first thanked 
the speakers for their interesting, even if difficult, 
questions. He also expressed appreciation to Mr. C. S. 
Gray for having said what he himself should certainly 
have said, and which he now repeated, that when 
all was said and done we had not all the answers to all 
the questions automatically on some page or other of 
B.S.449 ; it was a guide and perhaps a rule, but it 
still left a lot for the Engineer. 

The question raised by Mr. R. Gray, both verbally 
and in writing, had been answered by Mr. Kerensky ; 
and whilst thanking him for doing so, Mr. Mason 
added a little more. The difficulty, he said, was in the 
interpretation of Clause 14, in relation to Clause 13 and 
related to the two factors which must not exceed 1, 
i.e., the ratio of the direct actual stress to the direct 
permissible stress and the ratio of the actual bending 
stress to the permissible bending stress. Mr. Gray 
had written that if there were no direct stress due to 


wind we could not increase the FE factor. But the spe- 


cification stated ‘ratios which include wind,’ and 
Mr. Mason said he would not have much difficulty in 
convincing himself that both those factors included 
for wind and could be increased. After all, when we 
had 15 1b. on a roof it included for snow, we did not 
say ‘in an area where there actually is snow.’ He 
would read Clause 13 as including wind. 

Mr. Mason, coming to the question concerning the 
24 percent which Mr. Taylor regarded as _ being 
adequate to give lateral support, said he supposed 
it was empirical, and we could not argue with empirical 
rules ; there were stilla lot of them in our specifications. 
He was brought up to take 24 per cent for that purpose 
and he had been with it for so long that he almost 
accepted it; it had perhaps a little theoretical justi- 
fication. If we took the Perry-Robertson allowance 
for imperfections and put in a lateral force sufficient 
to balance that out, we should find that it came to 
about 24 per cent. 

Then there was the question that continuous rafters 
seemed to be at a disadvantage compared with dis- 
continuous members. Indeed they were. This was 
a point which had worried him quite a lot, but he did 
not know the answer to it. A free ended strut would 
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buckle in single curvature — see Fig. A2—a fully re- 
strained strut would buckle in triple curvature ; 
a partially restrained strut would also buckle in triple 
curvature. 

If a continuous strut were held in position only 
at the two nodes, there was no doubt that it would 
buckle in single curvature. It seemed strange, but 
it was so. 

With regard to tubes, Mr. Taunt had raised a point 
on the tie-up with the British Standard. Mr. Godfrey 
was very largely responsible for representing the tube 
interests on the British Standards Committees; he 
had dealt with this question so well that one felt 
he had answered the point. 

As to whether the shape factor is greater for tubes 
than R.S.J. and that therefore the apparent permissible 
stresses in tubes could be greater than in rolled steel 
joists, he thought that probably they could be. He 
agreed with Mr. Kerensky’s remarks on that matter. 
The form factor for a joist was about 1-15 and if in 
fact the form factor for a tube was greater than for 
a joist he did not see why it should not be taken. 
There might be other considerations coming into it. 
These matters were often quite complicated, even 
though they appeared to be simple. He could not 
understand why Mr. Godfrey had not put this point 
to the British Standards Committees. 
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The question of filler joists was raised by Mr. Ford. 
Generally speaking, said Mr. Mason, we had now 
reached a stage in stresses when the deflections were 
becoming more important. Deflection was creeping 
in as a criterion, and Mr. Ford had mentioned a real 
difficulty. In the case of a floor, be it of filler joists or, 
as he would prefer, of reinforced concrete, its inherent 
strength, as it appeared on test, was very great, greater 
than was assumed in our calculations; although he 
would not be a bit worried about the floor when it was 
finished, one might find that there was a deflection 
when the weight of the concrete came on to it. 

A very interesting point was raised by Mr. Ward, 
one which was very much in the forefront of Mr. Mason’s 
mind when writing that part of the paper, concerning 
the Recommendations for semi-rigid design which 
were made in the third of the Steel Structures Reports, 
in 1936. Mr. Mason said that in the paper he had 
made the point that stresses had increased but that 
anyone who was designing to those Recommendations 
was working to stresses which had not been so increased 
and was therefore at a disadvantage. Mr. Ward would 
have noted that the British Standard Specification 
permitted one to sit down and re-write those Recom- 
mendations with modern stresses in them; but the diffi- 
culty was that they were a set of Recommendations 
complete in themselves, and they made in total one 
formula. We could not tinker with just one factor in a 
formula unless we also considered all the other factors; 
an enormous amount of work went into that formula, 
and we could not just alter one part of it. Whilst he 
sympathised with Mr. Ward, Mr. Mason considered 
that the only thing to do was to re-write the Steel 
Structures Reports Recommendation which was per- 
mitted. 

The design of purlins was rule-of-thumb, and 
again it was empirical ; it did not lend itself to analysis 
of a mathematical or elastic kind. Mr. Taylor had 
dealt with that very fully. Mr. Mason said that in his 
own practice he would be glad to see some tie rods 
used to take out some of the deflections ; apart from 
that, we had simple Rules and they worked. 

He was not quite clear whether Mr. Hogan was 
referring to a single tube or to tubes made up into 
a girder, but he hoped Mr. Kerensky had answered 
the point. 

Then Mr. Ward had referred to critical stresses 
and an apparent factor of safety of from 2 to 8, and 
Mr. Kerensky had answered that. The particular 
point could be illustrated by the Perry-Robertson 
formula for struts. 

The Graph (Fig. A3) plots the Euler critical load 
and the yield stress. If we had a column pin-jointed 
and we loaded it, and if it were a very slender column, 
there was a critical load at which quite astonishing 
bending occurred, but it would spring back to its 
original form. That could easily be demonstrated 
with a T-square. But another type of mechanism 
came into play at a point where the yield point was 
reached. The Perry-Robertson formula married the 
two curves by assuming that the imperfections were 
equivalent to an initial deflection of 0-003 //r, and 
when that was worked into a formula we obtained 
a curve which ran out at the Euler load for high 
l/r factors i.e., the Perry-Robertson ultimate in the 
graph and a factor of safety was placed on that. If, 
however, the intermediate stage is left out and the 
working load is compared directly with the critical 
load then the apparent factor of safety rises from 2 to 
a much higher value. 

It was said by Mr. King that the specification was 
tricky. Indeed it was. 
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The points raised by Mr. Dean were covered by 
Mr. Kerensky, who had been very kind; he had not 
asked awkward questions, as one was sure he could 
have done had he wished, but he had been very helpful 
in answering a lot of the speakers. 

Reference was made by Mr. Capper to the substi- 
tution of approximate geometrical properties in 
formula (2), on page 339. He would be the first to 
realise, however, that formula (2) was almost unman- 
ageable. Basically it was for a beam where the moment 
of inertia about the x — « axis was greater, very much 
greater, than the moment of inertia about the y — y 
axis. Therefore, for the purpose of simplifying formula 
(2) the value of y i.e. : 

Iy—Ty 


Ix 
was taken as being 1. Mr. Capper might say that 
that was not a very good approximation. It had been 
so taken, however, in order to get formula (2) into a 
manageable form. 

Three very interesting questions were raised by 
Mr. Barker. Mr. Mason repeated his earlier remark 
that deflection was becoming a problem today. The 
British Standard stated that : “ Alternatively, a fully- 
rigid design may be based on the principles of the 
plastic theory so as to provide an adequate load 
factor and with deflections under working loads not 
in excess of the limits implied in this British Standard.” 
That should enable the engineer to do pretty well all 
that he wanted to do. Perhaps the only helpful thing 
that one could say was that in a rigid design the fixing 
of the ends of the beams did tend materially to reduce 
the deflections, as compared with a free-ended beam. 
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On stiffness factors the whole thing was very approx- 
imate. All that we could hope for was that the ratio 
of the stiffness of one member to another which was 
what governed the distribution of stress was not too 
far wrong. 

These were all difficult points which he did not 
think we could answer in a document such as the 
British Standard. So that we came back to where 
we started; as Mr. Gray had said, there was still 
a lot left for the Engineers to do. The document 
might give some help, it provided something by 
which to measure our work, but we certainly did not 
get all the answers out of it. Certainly anybody who 
was not an Engineer, and into whose hands we put 
this document, could not possibly imagine that he 
could do the Engineer’s work for him. 

Finally, Mr. Mason thanked the meeting very much 
indeed for the way they had received his paper and 
for the most interesting questions they had put to him. 


THE PRESIDENT, at the close of the discussion, 
said that, strictly speaking, he should ask the meeting 
to thank Mr. Mason for the adequate way in which 
he had answered the questions put to him. But one 
was not certain that one should not also include 
Mr. Kerensky and Mr. Gray in that remark. 

However, the paper had come at a very opportune 
moment, because at 10.30 on the following morning, 
members of B/20 committee would be considering 
the document again, and no doubt some of the points 
raised at the meeting would be further discussed. 

B.S.449 was a document which had to be considered 
with a certain amount of sense, horse sense. The 
B.S.I. Committee had a Chairman, Mr. G. A. Gardner, 
who guided the members of the committee during the 
production of this document, and he had a theory 
that B.S.449 should consist of one sentence only— 
“ Every structure should be designed by a competent 
engineer.” 

At the moment, however, the President said it was 
his pleasure to ask the meeting to accord Mr. Mason 
a second vote of thanks for the way in which he had 
answered the questions. 
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The 


Collapse of Triangulated Trusses 


The Structural Engineer 


by 


Buckling within the Plane of the Truss 


Written discussion on the paper by J. G. Nutt, B.E. 


Mr. M. Grecory congratulated the Author on his 
paper, and referred to existing methods for calculating 
the critical load of a triangulated framework, as 
mentioned in the introduction. That critical load was 
the buckling load for the ‘“‘ mathematically perfect ”’ 
structure, assuming perfectly straight members, no 
eccentricity at the joints, and no yielding. The problem 
was to relate the behaviour of the practical structure 
having practical imperfections such as initially crooked 
members, eccentricities at joints, and having a finite 
yield strength, to the mathematics of the perfect 
structure, and, in particular to find the collapse load 
of the practical frame. The collapse load of a light 
flexible frame made of material of high yield strength 
might be close to the calculated critical load, but 
unfortunately, for structures containing members of 
stiffness in the practical range, this was not the case. 
Therefore, any attempt to tackle the problem of 
studying the behaviour of practical frames proportioned 
in a realistic manner was worthwhile. Some method of 
taking account of the practical imperfections of framed 
structures was urgently needed. 

The method of limiting the load-deflection relation 
for a frame by the elastic stability line and the plastic 
collapse line was very useful. Further experimental 
work such as indicated in Fig. 14 of the paper, should 
furnish a means of estimating the collapse load of 
frames by expressing the reduction of the collapse 
load below the intersection of the plastic collapse line 
and the elastic stability line as a function of the yield 
and critical loads. 


Mr. Nutt’s method therefore depended basically on 
the drawing of the plastic collapse line and the elastic 
stability line. The former was defined by his equation 
(1a) 

2M' 
i Iv 

ie 
and was easily calculated. It was the elastic stability 
line to which Mr. Gregory’s remarks were directed. It 
could be seen from Figs. 7-13 that accurate drawing of 
that line was important, and this particularly applied 

to the more slender frames. 
The elastic stability line was defined by equation (2) 


’ 


i 
We 

In plotting this line, Mr. Nutt had measured the initial 
crookedness a, measured joint eccentricities and 
calculated the effective eccentricity e for the member, 
and calculated We by the moment distribution con- 
vergence criterion, or Allen’s approximation. Figs. 
7-13 showed the validity of his measurements and 
calculations. However, in order to apply this method 
to actual frames.in practice, there must be a means of 
obtaining values of a, ¢, and We. As Mr. Nutt stated, 
the initial imperfections of the frames tested were 
actually measured, but this was not possible except in 
research trusses, and an assumed value of eccentricity 
must be used if the method was to be used in design. 
Mr. Nutt suggested the value 0-003 //r, which was the 


Lo 
WwW 
We 


LS 2.0 y 


Fig. 14 


* Published in ‘* The Structural Engineer,’’ Vol XXXVII, No. 5, May, 1959. 


“saa 


June, 1960 


BS449 value for the initial crookedness of a practical 
pin-ended strut. Professor J. F. Baker’s comments in 
Chapter 2 of “ The Steel Skeleton,” Vol. I, were of 
interest in this connection. In fact only very limited 
information was available on the likely crookedness and 
eccentricity of struts in frames. 

Mr. Gregory commented that the Southwell Plot 
furnished a very powerful experimental method of 
obtaining values of (a+ e) and Wg for any elastic 
structure liable to instability and suggested that 
Mr. Nutt might carry out the Southwell Plot on his 
deflection measurements shown in Figs. 7-13. It was 
necessary only to plot A/W against A as far as first 
yield. It would be interesting to find how the reciprocal 
of the slope of the plot compared with We¢, and its 


intercept with ee = as the equation of the plot was 
c 
A A ate 
Wea We We 


in the elastic range. This furnished an accurate check 
on the measured and calculated values of (a+ e) 
and We, and, incidentally, a method of obtaining their 
values in more complicated cases where they could not 
be calculated or measured. 

In the long run, for practical application of Mr. 
Nutt’s method, the statistical distribution of (a + e) 
and the value of W,_ would be required for all types of 
structures. The use of the Southwell Plot on deflections 
was a convenient way of obtaining this information. 

However, Mr. Gregory found the Southwell Plot on 
measured strains much more powerful. It was possible 
to show mathematically that that plot was linear for 
the case of a pin-ended strut and also for a triangular 
frame. He had checked this experimentally and obtained 
good agreement. He had also carried out measurements 
on web members of lattice girders, bolted angle members 
in frames, and the compression chord of a lattice girder 
as it buckled laterally, and obtained linear Southwell 
Plots on strains. 

Strains were convenient to measure, and by this 
means a great deal more information could easily be 
obtained. In certain cases, where a strut in a structure 
was not too stiff, the equation of the Southwell Plot on 
strains could be used as a direct collapse criterion. If 
there was not too much reserve of strength beyond 
first yield, the maximum strain could be put equal to 
the yield strain. Solution gave the collapse load. 

He had made the following analysis of Mr. Nutt’s 
results :— 


TABLE 4 


Excess of 
Load Collapse Load 


Code| Type of Collapse | to Cause over Load 
No. Frame Lir Load |First Yield to Cause 
First Yield 


(per cent) 


Warren : 7-2 5°5 
F4H | Warren 62-5 8-2 6-0 36 
F2H} Warren 100 6-8 6-1 11 
Warren | 150 5°2 4-8 9 
Triangular | 62-5] 16-6 pes — 
Triangular | 100 12-9 10-5 23 
F5H | Triangular | 150 6°6 Deo) a 12 


These figures indicated that for L/r greater than 
about 100, the reserve of strength beyond first yield 
was not more than about 12 per cent though, of course, 
the ratio of collapse load to load causing first yield was 
a function of other variables such as crookedness and 
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end eccentricity, besides L/vy. The above ratios were in 
general agreement with values Mr. Gregory had 
obtained. He had been attempting to find the variation 
of the above ratio asa function of L/y and to useit asa 
design criterion for struts in the intermediate stiffness 
range. First yield was predicted so easily by the 
Southwell Plot on strains. 


(2) Two BAY) PRATT. (to) Taeee- Sex Preatr 
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THE AUTHOR in reply, stated that since the paper 
was submitted for publication, he had carried out tests 
on a further six frames made of the same material as 
those reported. The frames of this second series were 
of three types shown in Fig. 15, and details were given 
in Table 5. 


TABLE 5 
Code Length of Type of 
No. Type Compression L/r Collapse 
Member 

F25H | Two Bay Pratt 15 ins. 62-5 A 
.F26H| Two Bay Pratt 24 ins. 100 A 
F27H| Two Bay Pratt 36 ins. 150 Cc 
F29H |} Three Bay Pratt 24 ins. 100 A 
F30H| Three Bay Pratt 36 ins. 150 B 
F31H]| Three Bay Warren 24 ins. 100 B 


a | 


The deflection curves were similar to the previous 
set of seven and confirmed the conclusions already 
derived. The results were summarised in Table 6 and 
could be added to the points already plotted in Fig. 14. 


TABLE 6 
Excess of 


Wf over We 
o/ 


/O 


Results were now available for about twenty trusses 
fabricated from rolled steel sections and covered five 
different types. While it was not suggested that this 
was comprehensive enough, it did lend confidence 
to the interpretation of results from small model tests. 
As Mr. Gregory pointed out a great many more results 
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of practical structures were required, and as he sug- 
gested, through the use of the Southwell Plot on the 
deflections, values could be obtained of the critical load 
of the framework. A comparison of the calculated and 
experimental critical loads appeared in Table 7. 
Unfortunately it did not lend itself to the analysis of 
some of the frames of stocky members. In those cases, 
the total deflections up to the elastic limit were so small 
that the deflections, read only to the nearest 0-001 in., 
gave too much scatter to the points. As a reliable 
straight line could not be drawn through them, the 
figures had been omitted from the table. 


TABLE 7 


Frame No. | We (calc.)| We (expt) | We (expt) | We (calc.) 
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Mr. Gregory had compared the collapse load and the 
first yield load of the published tests. To his Table 4 
could be added the new results (Table 6, column 6). 
Considering the results as a whole, the excess of 
collapse load over first yield load was not great, even 


for low slenderness ratios and led to the consideration 
of the first yield load rather than the collapse load as 
the basis of analysis. The calculation of that was 
simple. For the tests reported, the end eccentricities 
of the collapsing column had been calculated under 
various loads so that the deflection at the centre could 
be found accurately. The load in the column necessary 
to cause yielding could be obtained from the formula 
jo f, Ma 
1 1 
A+p[a+era] 
These results were shown in Table 7, column 5 and 
compared favourably with experimental values. 

For design purposes, the assumption of a suitable 
initial eccentricity was necessary if this value was not 
known. When a constant value of ‘‘e’’ was assumed 
throughout the loading range, the implication was 
that the moments at the end of the column increased 
linearly with load. This was known to be untrue, due 
to the variation in stiffness and carry-over factors for 
the members under changing axial load. However, for 
trusses with stocky members the departure from 
linearity was not great and it was reasonable also to 
apply this assumption to members in the intermediate 
range. 

He agreed the value of initial eccentricity was only 
to be obtained by analysing practical structures. It 
was most conveniently expressed however in terms of 
a function of /;y/ dy as was done for the Perry-Robertson 
formula. Then the calculations followed the same form 
as that advocated by B.S.449, but guidance was given 
on the selection of the free length of the column. This 
could be obtained directly from the critical load. 


‘” 


June, 1960 


It was necessary to do it rapidly and a useful approxi- 
mation had been offered by Dr. N. W. Murray", who 
suggested that the joint with the lower stiffness at the 
end of the most highly loaded compression member, 
i.e. the member in which P/P, was greatest, be 
selected as the critical one, and the far ends of the 
members framed into this be considered in turn as 
pinned and completely fixed. The average of these 
two critical loads gave a close approximation to its true 
value. The example Mr. Gregory had given would be 
appropriate. The truss of Fig. 16 (a) had been reduced 
to two frames, Fig. 16(b) and Fig. 16(c) and it would be 
seen that the average of these two critical loads was 
close to its accurate value. 

The great disadvantage in selecting the yield load 
as the design criterion was its dependence upon the 
value of initial eccentricity. As could be seen from 
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Figs. 7-13, the effect of moving the elastic stability line 
to the left or right did not change the value of Wg, 
greatly, and hence Wy; was nearly constant. However 
the load of first yield would change by up to 30 per cent 
and was much more susceptible to the assumption of 
the correct value of initial eccentricity. 

Because of this, it was probably more logical to find 
the collapse load directly rather than base its determi- 
nation on the increase over the yield load as Mr. 
Gregory suggested. 

The Author thanked Mr. Gregory for an interesting 
discussion. 


Reference 


11. Murray, N. W., Chapter 8, p.409 of ‘“‘ Hyperstatic Struc- 
tures,’’ by J. A. L. Matheson, Butterworth, 1959. 


Institution Notices and Proceedings 


ORDINARY GENERAL MEETING 

An Ordinary General Meeting of the Institution of 
Structural Engineers was held at 11, Upper Belgrave 
Street, London, $.W.1, on Thursday, 28th April, 1960, 
at 5 p.m. Mr. Lewis E. Kent, B.Sc., M.I.Struct.E., 
M.I.C.E. (President), in the Chair. 

The following members were elected in accordance 
with the Bye-Laws. Will members kindly note that 
the elections, as tabulated below, should be referred 
to when consulting the Year Book for evidence of 
membership. 


STUDENTS 
ASHMEAD, Martin Paul, of Bristol. 
Betts, Robert Frederic, of Wembley, Middlesex. 
CHANGEUR, Robin Peter, of Edgware, Middlesex. 
FIREBRACE, Andrew William, of Twickenham, Middle- 
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Verco, Alan Walter, of London. 
YAm CuunG Ponce, Lloyd, of Hong Kong. 


GRADUATES 
ADENUGA, Julius Adepoju, of London. 
AtL-KoTAnI, Nashat, of London. 
BaiLey, Landon, of Sidcup, Kent. 
Basu, Sunandan Narayan, B.Eng., of Calcutta, India. 
Brake, Ronald James, of Harrow, Middlesex. 
Bosiscu, Gerhard, of Durban, South Africa. 
Burn ey, Derek Hewitt, of Darlington, Co. Durham. 
ButLer, Desmond James, B.Sc., of London. 
CHAPMAN, John Michael George, of Haywards Heath, 
Sussex. 
CLARKSON, Reginald George, of Harlow, Essex. 
Davies, Peter William, A.M.I.Mun.E., of Purley, 
Surrey. 


Davis, Henry James, of London. 

Dutta, Susanta Kumar, B.Eng., of London. 

Ecos, John Russell, of Yagoona, New South Wales, 
Australia. 

Frncu, Victor Leopold, of Copthorne, Sussex. 

GuosuH, Bikash Kumar, B.Sc., of London. 

GIFFORD, Robert Charles, of West Byfleet, Surrey. 

Gupta, Surya Prakash, B.E., of Jodhpur, India. 

Happock, Geoffrey, of Weaverham, Cheshire. 

Hewson, James, of Stockton-on-Tees, Co. Durham. 

Hirson, Barry Oliver, B.Sc., of Brighton, Sussex. 

Hocken, Alan, of London. 

Homan, Charles Edward, of Ontario, Canada. 

Hucues, Windsor Griffith, of Maesteg, Glamorganshire, 
South Wales. 

Jack, William Sommerville, of Glasgow. 

Kar, Debabrata, B.Eng., of Burnpur, Dt. Burdwan, 
West Bengal, India. 

KorevAAR, Willem Huibertus, of Johannesburg, South 
Africa. 

LADDUWAHETTY, 
London. 

Law, Matthew Kim Teng, B.Sc., of London. 

Lerman, Bernard, of Johannesburg, South Africa. 

Levy, John, of Johannesburg, South Africa. 

Lyon, David Foster, of Preston, Lancs. 

MarcuHeEtis, Christor Constantin of Alexandria, Egypt. 

Masters, Michael Andrew, of Bourne End, Bucks. 

Muxuopapuyay, Shankar, B.Sc., of London. 

NerurkKar, Anil Madhay, B.E., of Bombay, India. 

NyYLAND, Paul, of Padiham, Lancs. 

OUBRIDGE, Denis Brian, of New Addington, Croydon, 
Surrey. 

Pariku, Punamchand Shankerlal, of Bombay, India. 

PARKER, Joseph Martin, of London. 

PaTeEL, Kanubhai Ambalal, of Baroda, India. 

Pearson, John Keith, of Berkhamsted, Herts. 

PircHers, John, of London. 

PuRKAYASTHA, Ramapada Kar, B.Sc., of London. 

REYNoLps, Rodney Alan, of Barking, Essex. 

Rooney, Dermot Francis, B.E., of London. 

SaTTaR, Abdul Jabbar Abdul, of London. 

SCHROEDER, Bryan Payne, of Cape Town, South Africa. 


Neville Sathyananda, B.Sc., of 
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SHROFF, Hoshang Phiroseshaw, B.E., of Bombay, India. 

Situ, John Brian, of London. 

STEVENS, Kenneth, of Sheffield. 

STIEFEL, John Emil, B.Sc., of Bexley, Kent. 

THESSMAN, Warren Richard, B.Eng., of Wellington, 
New Zealand. ; 

Tizsury, John Alan, of High Wycombe, Buckingham- 
shire. 

Topp, Bernard, of Culcheth, Nr. Warrington, Lan- 
cashire. 

Toor, Khalil-Ur-Rahman, of Wah Cantt, West 
Pakistan. 

TurRnNeER, Frank Herbert, of Shirley, Croydon, Surrey. 

WotskI1, Karol, of London. 


ASSOCIATE-MEMBERS 

ALDERSON, John Anthony, of Peterlee, Co. Durham. 

BAYNHAM, Wilfrid, of Sutton Coldfield, Warwickshire. 
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GERRARD, John Roy, of Bolton, Lancashire. 
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LEITHEAD, Gordon McLean, of Montreal, Canada. 
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BurcueEss, David Sydney, of Bromley, Kent. 
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Canada. 
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Fozzarp, John, of London. 
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Barns, Cheshire. 
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LEE, Terence Godfrey, of Mitcham, Surrey. 
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RowsoTHaM, Noel Gervais, of Kingston-upon-Thames. 

SHARLAND, Brian Walter, of Johannesburg, South 
Africa. 

Siporyk, Tadeusz, of London. 

SinGH, S. Balbir, of Orissa, India. 

SLACK, George Edwin, of Scunthorpe, Lincolnshire. 

SLANEY, John Richard, B.Sc., A.M,I.C.E., of Becken- 
ham, Kent. 

SNELL, Martin de Putron, of Purley, Surrey. 

STAPLES, Graham George, of Sutton Coldfield, Warwick- 
shire. 

TawpeE, Ashok Nanasaheb, B.E., of Bombay, India. 

TAYLOR, Wilfred Samuel, E.D., A.M.I.C.E., of Martin- 
borough, New Zealand. 

TitBury, Frank Charles, of London. 

TuRKINGTON, William Kenneth Somme, of Belfast, 
Northern Ireland. 

TwiccER, Michael Arnold, of Worcester. 

VITHAL, Nori Panduranga, B.E., of Bombay, India. 

Waite, Dennis, of Stockton-on-Tees, Co. Durham. 

WHITTAKER, James Roy, of Stretford, Lancs. 

Wone Kart CHEONG, Franklin, B.Sc., Ph.D., of Hong 
Kong. 

Wyatt, Albert Frank, of Cheam, Surrey. 


Associate-Members to Members 
ENTEKHABI, Ebrahim Khalil, of Tehran, Iran. — 
GILLESPIE, John Hendry Hepburn, B.Sc., A.M.I.C.E., 

of Newcastle upon Tyne. 
GRACE, John Stephenson, of Croydon, Surrey. 
KUMARANAYAGAM, Rasanayagam, B.Sc., M.I.C.E., of 
Colombo, Ceylon. 
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Moss, Thomas Reginald, of Liverpool. 

Rapway, Ernest Raymond, M.I.Mech.E., M.I.E.E., 
of Cardiff, Glamorganshire. 

TEMBE, Nilkanth Ramchandra, B.E., M.Sc., M.I.C.E., 
of Bombay, India. 

WALKER, Albert, A.M.I.C.E., of Newcastle upon Tyne. 
Associate-Members to Retired Associate-Members 
Brown, Walter Lindahl, A.M.I.Mech.E., of Woodley, 

Berkshire. 
HEATON, Hubert, of Exeter. 


OBITUARY 
The Council regret to announce the deaths of 
Kornelis Reinhold DaAnuHor, Henry Hart, John 
Thomas Macktrey, and Frederick SutTron-SMITH 
(Members). 
RESIGNATION 
Notification was given that the Council had accepted 
with regret the resignation of Robert Lucien Bourgui 
(Associate-Member). 


JUNE MEETING 
An Ordinary General Meeting of the Institution of 
Structural Engineers will be held at 11, Upper Belgrave 
Street, London, S.W.1, on Thursday, 23rd June at 5 p.m. 
This meeting is for the election of members and is 
opened to corporate members of the Institution only. 


EXAMINATIONS, JULY, 1960 
The Examinations of the Institution will next 
be held in the United Kingdom and overseas on 
Tuesday and Wednesday, July 12th and 13th, 1960 
(Graduateship) and Thursday and Friday, July 14th 
and 15th, 1960 (Associate-Membership). 


PRIZES JANUARY, 1960 EXAMINATIONS 
The Council have awarded the following prizes in 
respect of examinations held in January, 1960 : 


ANDREWS PrizE.—For the candidate who obtains the 
highest aggregate of marks in the Associate- 
Membership Examination, passing in all subjects. 
M.S. Divan of Ahmedabad, India. 


HusBAND PrizE.—For the candidate who takes the 
whole of the Associate-Membership examination, 
passes in all subjects, and obtains the highest marks 
in the paper “‘ Structural Engineering Design and 
Drawing.” 

J. B. Bocre of Cheadle, Cheshire. 


WALLACE PREMIUM (SENIOR).—For the candidate who 
takes the whole of the Associate-Membership 
examination, passes in all subjects, and obtains the 
highest marks in the paper “‘ Theory of Structures 
(Advanced).” 

M. S. Divan of Ahmedabad, India. 


A. E. Wynn Prize.—For the candidate who takes the 
whole of the Associate-Membership examination, 
passes in all subjects, and obtains the highest 
marks in the Reinforced Concrete Section ‘C’ of 
the paper “ Structural Engineering Design and 
Drawing.” 

B. Newsome of Morley, Yorkshire and N. G. 
RowsorTuHam of Kingston-upon-Thames. 


GRAHAM Woop PrizE.—For the candidate who 
obtains the highest marks in the Steel Section ‘ B’ 
of the paper ‘Structural Engineering Design and 
Drawing” in the Associate-Membership exami- 
nation. 

J. McDonatp of Cardiff. 

WALLACE PREMIUM (JUNIOR).—For the most success- 
ful candidate in the Graduateship examination, 
passing in all subjects. 

P. S. Partku of Bombay. 
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Hon. Secretary: W. S. Watts, A.M.1.Struct.E., 
A.M.I.C.E., 11, Newchurch Lane, Culcheth, Nr. 
Warrington, Lancs. 


MIDLAND COUNTIES BRANCH 
Hon. Secretary: S. M. Cooper, A.M.I.Struct.E., 
“ Applegarth,’’ Hyperion Road, Stourton, Nr. Stour- 
bridge, Worcestershire. 


GRADUATES’ AND STUDENTS’ SECTION 
Hon. Secretary: H. T. Dodd, Shepherd’s Cottage, 
Grove Lane, Wishaw, Sutton Coldfield, Warwickshire. 


NORTHERN COUNTIES BRANCH 
Hon. Secretary : P. D. Newton, B.Sc., A.M.I.Struct.E., 
A.M.I.C.E., c/o Cusson & Partners, 112 Bor ough Road, 
Middlesbrough, Yorkshire. 


NORTHERN IRELAND BRANCH 
Hon. Secretary: W. Clements, A.M.I.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, C herry- 
valley, Belfast. 

SCOTTISH BRANCH 

Hon. Secretary: W. Shearer Smith, M.I.Struct.E., 
eM ECs clo The Royal College of Science and 
Technology, George Street, Glasgow, Cl: 


SOUTH WESTERN COUNTIES SECTION 
Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 
Hartley Park Villas, Mannamead, Plymouth, Devon. 


WALES AND MONMOUTHSHIRE BRANCH 
Hon, Secretary: K. Je Stewart, M-T-Struct.E:, 
A.M.I.C.E., 15, Glanmor Road, Swansea. 


WESTERN COUNTIES BRANCH 
Hon. Secretary : A. C. Hughes, M.Eng., A.M.I.Struct.E., 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. 


YORKSHIRE BRANCH 
Hon. Secretary: W. B. Stock, A.M.I.Struct.E., 
34, Hobart Road, Dewsbury, Yorkshire. 


UNION OF SOUTH AFRICA BRANCH 
Hon. Secretary: A. E. Tait, B.Sc., A.M.I.Struct.E., 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 
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City Engineer’s Department, Town Hall, Johannes- 
burg. Phone 34-1111, Ext. 257. 

Natal Section Hon. Secretary: J. C. Panton, 
A.M.1.Struct.E., A.M.I.C.E., c/o ‘Dorman Long (Africa) 
letde Ps OmBbox 932; Durban. 
Cape Section Hon. Secretary: R. F. Norris, 
A.M.1L.Struct.E., African Guarantee Building, 8, St. 
George’s Street, Cape Town. 


EAST AFRICAN SECTION 
Chairman: R. A. Sutcliffe, M.I.Struct.E., P.O. Box 
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Nigerian Section Chairman : J. W. Henderson, E.R.D., 
B.Sc., M.I.Struct.E., M.I.C.E. 
Hon. Secretary: A. Brimer, A.M.I.Struct.E., Brimer, 
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A.M.I.C.E., c/o Redpath Brown and Co. Ibtae 2. O. 
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Book Reviews 


Die Berechnung Der Zylinderschalen, by Aas- 
Jakobsen. _(Berlin/Géttingen/Heidelberg : Springer 
Verlag, 1958). 9in. x 6in., 160 plus xi pp. 38/6d. 

Whilst large span cylindrical shells can be designed 
by the beam theory in an elementary way, this method 
is not applicable to shells of short and medium spans. 
The solution by the various existing exact methods 
requires a considerable amount of numerical work. 
In order to simplify the calculations, the author has 
introduced what he calls a ‘ model’ shell which is so 
selected that (1) the internal forces can be obtained 
from tables, and (2) that the boundary conditions 
agree with those of the actual shell with good approxi- 
mation. Each edge of the shell is considered indepen- 
dently of the other, i.e., it is assumed that the effect 
of the disturbances at one edge on the deformations 1s 
completely damped before reaching the other edge. 
Tables are given both for isotropic shells and for 
shells with transverse ribs. The forces obtained for 
the ‘model’ shell are transferred to the actual shell. 
The distribution in the transverse direction is main- 
tained, whereas in the longitudinal direction it is 
based on the simple beam theory. 

The book also deals with the analysis of shells with 
variable radii and with the buckling cf shells. Sugges- 
tions are made for the distribution of the reinforcement 
along the trajectories, and for the design of stiffening 
beams and frames. 

A short chapter is devoted to the design of prestressed 
shells. Numerous examples are given to illustrate the 
application of the theory. A comprehensive biblio- 
graphy of publications on cylindrical shells in chrono- 
logical order is also included. 

K.H-K. 


Principles of Modern Building, Vol. 1, 3rd Edition, 
Department of Scientific and Industrial Research. 
(London : H.M.S.O., 1959). 92 in. x 6 in., 302 + x pp. 
20s. 

This is a completely re-written edition of a book 
published in 1938, bringing up to date all the principles 
of design. The volume is divided into two parts, the 
first dealing with the principles of the functional 
performance of a building as a whole and including 
the parts of the previous editions which have general 
application, leaving then specific application to walls 
and other vertical elements to be dealt with in Part II, 
which incorporates most of the remainder of the 
original volume. Volume II will deal similarly with 
their application to the horizontal elements, floors 
and roofs. The general properties of materials that 
determine the ways in which they can be used are 
grouped together in Part I, leaving to the later parts 
the more specific questions that arise in their use in 
the particular parts of a building. 

The book concludes with a glossary, lists of British 
Standards and suggestions for further reading. It is 
intended as a supplementary volume to textbooks on 
building construction, and as such is a useful work of 
reference for students as well as for all who have to 
deal with building construction. 


Hyperstatic Structures, Vol. I, by J. A. L. Matheson. 
(London : Butterworth Scientific Publications, 1959). 
10 in. * 6in., 474 + xv pp., 90s. 

This is an interesting new book concerned mainly 
with the elastic analysis of statically-indeterminate 
structures. The Author’s intention is to expound the 
basic theorems of structural analysis in this first 
volume, so few numerical illustrations are included ; 
a Volume II is to follow to demonstrate the theoretical 
methods by means of further examples. 

The first seven chapters are entitled : ““ Hyperstatic 
Structures, Energy theorems of structural analysis, 
General theorems for linear elastic structures, General 
methods for linear hyperstatic structures, Moving 
loads on structures and Frames with rigid joints and 
arches.”” These are the work of Professor Matheson 
himself; the final eighth and ninth chapters on 
stability of struts and frameworks and on matrix 
methods are contributed by Drs. N. W. Murray and 
R. K. Livesley respectively. 

The treatment is in the nature of a report and 
exposition of the various significant developments in 
the subject. This approach is not particularly original, 
though the Author does attempt to correlate some of 
the theorems and methods described. Few of the 
theorems are presented rigorously, but then the 
Author may have decided to sacrifice rigour for 
simplicity in such an introductory work. However, 
the book should serve a useful purpose in the instruction 
of students, but it offers little contribution to the 
subject except, perhaps, in some parts ofits presentation. 

One cannot help but feel, on examining this volume, 
that a comprehensive and masterly statement of the 
dual force and displacement methods of elastic 
structural analysis still has to be published in book 
form. More rigour and scope are required in the proofs 
of the various theorems, which would best be explained 
to the reader from original sources rather than from 
minor publications. In several instances here the 
originators of new devices and theories are not properly 
traced and credited, which seems a pity in a survey 
of this sort, which should establish sources correctly, 
or not at all. 

On the whole the book is fairly up to date, though, 
the examples on moment distribution in section 6.4.3. 
could now be solved much more directly, and there 
are several omissions of theory and of comment on 
the analysis of certain common structural types. The 
inclusion of the last two chapters undoubtedly 
strengthens the book and enables two young structural 
analysts to explain some of the theoretical background 
of their own work and that of others on structural 
instability and electronic computing. The only 
criticisms here are the neglect, in chapter eight, of the 
simple Merchant-Rankine method for estimating the 
collapse load of a framework, and, in Chapter nine, 
of an example of the flexibility coefficients method. 

The book is very readable and the layout and 
production are really good, so even with the limitations 
mentioned above this new textbook on structural 
theory can be recommended for student use up to 
degree level. EL. 
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structural steelwork 


The Bowater Paper Corporation 
Limited. ‘The Architects for the 
new Office Blocks at both Mersey and 
Northfleet designed for Lattice Steel- 
workon amodular grid which allowed 
service lines to be run between floor 
and ceiling and gave complete flexi- 
bility for internal arrangements. 


Architects: Messrs. Farmer & Dark. 


B.E.A. Air Terminal, London. Speed was the essence 
of the Contract. Sommerfelds designed the Steelwork 
and from unloading the first lorry on site to the 
completion of a 250-ton steelwork erection took 3 
weeks. 

General Contractors : Messrs. Richard Costain Limited 


YORK. For the City of York a Grammar School. 
Sommerfelds designed the Steelwork on a 3’ 4” modular 
grid allowing complete freedom for the Architect to use 
curtain walling and internal arrangements. 


Architect : E. Firth, F.R.I.B.A.,A.M.T.P.I., City Architect. 
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1.C.1. For {I.C.1. a[Laboratory; Block. 

= A multi-storey building with a height 

eer ; to eaves of 44-feet and uninterrupted 

“UO RIGas i spans of 50-feet on each floor. Deep 

ERE A Se : : : Lattice Beams and light stanchions 

were used with considerable saving 
in steel requirements. 


Architects : Messrs. J. Douglass 
Mathews & Partners. 


eld LTD. WELLINGTON : SHROPSHIRE 
TEL. 1000 


Landon Office : 107 VICTORIA S' SW: TEL: VIC.884¢3 AND 1000 
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Not merely satisfied... A y \ 


VAN \ 


> ae 
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We hear it at first-hand from the man-on-the-job ; 
we read it (unsolicited) in our mail. Users go 
out of their way to tell us how much they appreciate 
the extra service and extra performance of 
Smith Cranes and Excavators — and the 
ever-ready spares and prompt service 


which make the vital difference. 


Our Service Engineer making his regula 
inspection check of a Smith Crawler Crane 
owned by GEE, WALKER & SLATER LTD. 
of Derby. 


GRANES AND EXCAVATORS 


SOME WELL-KNOWN USERS OF 
Sait a > 


SMITH MACHINES 


; 


Welford Gravels Ltd. big John Laing use many Smith 
producers of sand and gravel, Cranes and Excavators. The ton are also big users of Smith truckcrane(onhireto the Teeside 
employ many Smith photo shows a Smith 21 dragline machines. A Smith 21 crawler Bridge&Engineering Works Ltd.) 
excavators at their large feeding a batching plant for the crane is shown positioning to position Dorman Long univer- 
quarries. M1 Motorway concrete roof trusses sal beams on anew bypass bridge 


A. Monk & Co. Ltd. of Warring- Gibsons of Newcastle use aSmith 


THOMAS SMITH & SONS (RODLEY) LTD RODLEY ° LEEDS * ENGLAND 


Telephone : Pudsey 2844 Wires: Smith, Rodley, Telex (Telex No. 55105) 
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Men who build ships use 


“BROOMWADE-~ 
Air Compressors and Pneumatic Tools 


The versatility of compressed air is widely recognised 


throughout the world by the men who build ships. Type L2000 Two-Stage Double-Acting 


A Air Compressor 
For years past, in many of the biggest shipyards, the wide — daenailio fulfil 
range of “BROOMWADE” Air Compressors and Pneumatic hy SF Sakon poet 


Tools has fully met the requirements of this vast industry. large capacity 
7m unit of compact 


Constant research and development keep “BROOMWADE” Gili : wa | dimensions 
products in step with the progress of modern engineering. In i@ ae. Pree toe 
addition, a world-wide service organisation ensures that works- . space. Delivering 


trained engineers and adequate spares are readily available. 2200 cu. ft, Per. 
minute of free 


“BROOMWADE” Air Compressors and Pneumatic Tools Ss Zz : air at 100 p.s.i. 
are FAMED for ECONOMY, EFFICIENCY and RELIA- 
BILITY. It is a proud reputation, built on unrivalled experience 


in this field, combined with first-class design and workmanship. Type AN60 
Riveting Hammer 


We thank the well-known shipbuilders, Messrs. John I. Thornycroft 4 4 : 
& Co. Limited, who use “BROOMWADE” equipment extensively, : 1350 blows per minute, 


‘or providing references of the shipyard. A Riveting capacity 
fOr ies f A 1}’-}’ M.S. (Hot). 


Sy a weenie Sains 2 


BROOM & WADE LTD .- P.O. Box No.7 + - .England + Telephone: High Wycombe 1630 (10 lines) 
Telegrams: “Broom” High Wycombe + Telex: 15-527 745 SAS 
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Burerenrey 
STEELWORK 


helps to move coal 


A1Uspan Railway Viaduct manufactured 
and erected by the Butterley Company 
on existing piers which is used for the 
transport of coal from a Colliery in the 
North Western Division to a nearby 
Coke Plant. 


THE BUTTERLEY COMPANY LIMITED - RIPLEY - DERBY - ENGLAND - Tel: RIPLEY 4II (9 lines) 
London Office : 9 UPPER BELGRAVE STREET, S.W.I. Tel: SLOANE 8172/3 
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No. 14 IN A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


Quicker and Cheaper Building by 
Pre-stressed Concrete 


Raynor's Road Overbridge, constructed for the New Zealand Railways 


This bridge was tendered for as an Johnsons were in at the start with wire for pre-stressed 
alternative to reinforced concrete and concrete. Their technicians worked with the Continental 
as such was found to be consider- pioneers in the development of the technique, and today 
ably cheaper. Another big advant- Johnsons wire is specified in a large number of important 
age of using pre-stressed concrete was pre-stressing contracts. 


in the complete elimination of 


interference with rail traffic. 
Technical details concerning | a bain SR 


Johnsons wire and illustrations of wire was essential Me 


other projects are available in 


brochure form. 


Sponsor : 
New Zealand Railways. 


Design : 
Pre-Stressed Concrete (N.Z.) Ltd. 


Contractors : | | 
—e =e == = Sas  nseneaatl SS teeiaiel SSS ee emt 


B & B Concrete Co. Ltd. 


Richard Johnson & Nephew Ltd., Manchester, 11. Telephone EASt 1431. 
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STRUCTURES in STEEL 
CRANE 
GIRDERS 


Specialists in heavy 
steel structures for 
nearly sixty years 
places us in a unique 
position to assist those 
who design and plan in 
steel. Steelwork for 
cranes of all types and 
capacities, crane gantries, 
plate girder work, etc., are 
only a few of our many pro- 
ductions. The _ illustration 
shows: 16-ton E.O.T. crane 
120’-0” span 4-girder lattice 
type under construction. 


SKIPWITH, JONES & LOMAX LTD. 


WEST GORTON e MANCHESTER 12 Tel : East 2771 


Our technical engineers are at your 
service for consultation at all times and 
we look forward to hearing from you. 


Let 


SIMPLEX 


JACKS 
take the weight 


SIMPLEX offers the largest range in the World. — Standard 

production models up to 300 tons of the remote control 

type many having CENTRE HOLE construction for lifting 

or pulling with pull rods through the centre of the 
ram without torque. 


Single and double Pump Hydraulic 
Jacks up to 100 tons 


ALSO LARGE RANGE OF MECHANICAL JACKS 

INCLUDING 

JOURNAL AND BRIDGING JACKS 

SPECIAL MODELS FOR 

CABLE REELS 
POLE PULLING 

MOVING PLANT AND MACHINERY 

ETC. 


MULTIPLE OPERATION 


Shut-off valves to control the lift of each ram 7 i i 
FOR LIFTING BRIDGES AND OTHER The Equipment & Engineering Co. Ltd. 
LARGE STRUCTURES 2&3 Norfolk Street, London, W.C.2 Tel Temple Bar 1088 
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“Melloclad’” Curtain Walling and Metal Windows in Stages One and 


(NA Two of the Sheffield College of Technology and Commerce. 


Architects: Messrs. Gollins, Melvin, Ward & Partners. 
In association with: J. L. Womersley Esq., F.R.I.B.A., M.T.P.I. (Sheffield City Architect) 


MELLOWES & CO. LTD. 


SHEFFIELD LONDON : OLDHAM 
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TEST BORINGS 

To ensure 

THE STABILITY OF FOUNDATIONS 
AND EARTH WORKS 


OBTAIN RELIABLE 
INFORMATION OF 
GROUND CONDITIONS 


e 
GEOPHYSICAL SURVEYS 
SOIL SAMPLING & TESTING 
@ 
REPORTS ON GROUND 


CONDITIONS GROUND EXPLORATIONS L"? 


75 UXBRIDGE ROAD, EALING, W5 
Phones : EALing 1145/6 and 9251/2 


: Newallastic , 


NEWALLASTIC Structural Bolts can be 
tightened to their ultimate tensile stress 
with an adequate margin of safety, 
thus enabling designers to make the 
fullest use of bolting when 
designing steel structures. 
NEWALL TORSHEAR BOLTS used 
with the special Torshear air-tool 
provide automatically controlled tightening 


governed by the shearing of Newall Torshear 


the extension on the bolt. 


smn 


ranks 
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M} 
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“ TORSHEAR” Brochure available on application 
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Experienced Design and Estimating staffs at Darlaston, 
Birmingham and London are at the service of Architects 
and Engineers. Drawing Office staffs are fully competent 
to interpret their designs and requirements into a 
factory or office block to suit their individual needs. 


DESIGN 


The up-to-date fully mechanised works of the Structural 
Division guarantee a high standard of workmanship 
from carefully prepared designs and detail drawings. 
Capacity is available to cope expeditiously with 
any structural job. 


FABRICATION 


Competent teams of erectors operate from headquarters. 

They utilise the most up-to-date equipment, such as 
our own mobile cranes, to ensure that this phase of 
construction is carried out as speedily as possible. 


RUBERY OWEN §SHRERETENO}RuIS 


. . 
Of interest to architects is the fact that, in addition to the backbone Ca a good buldig 


structural steel, Rubery Owen deal with oil-fired central 
heating and warm air systems for domestic and general 
building ube ranging in output from 30,000 to 


24 million B.T.U. 
A comprehensive service organisation from branch offices RUBERY OWEN & co LTD 7 STRUCTURAL DIVISION 


ERECTION 


throughout the country can advise on any heating problems 
and give immediate assistance in installation and main- P.O. BOX 10: DARLASTON - WEDNESBURY: STAFFS 


tenance. 

For further information please write: Technical Bureaux at London, Birmingham, Coventry, Southampton 
RUBERY OWEN (HEATING) LTD., CHURCH ST., aie 

WEDNESBURY, STAFFS. Membe~ of the Owen Organisation 
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CONTACT PYNFORD LTD FOR A 
Complete Foundation Service 


* SITE INVESTIGATIONS that are clear and to the point. 
* NEW FOUNDATIONS designed and/or constructed to suit e Specdyesieiny ena 


all site conditions. if tions. Foundatior 
e 


* UNDERPINNING by the proved Pynford method for high ° Design ang eta 
e 


Piling, Undepinning, Con- 


level beams, or below ground level. 2 trolled Jacking, Mining Sub: 
‘ see a idence Control. Beams at 
Re-levelling existing buildings and cheap ° - 
* JACKING z Ss a High Level, Basements unde: 


provisions for new buildings. A Existing Buildings, Excavatins 


* EXCAVATING SHIELDS supplied for ; Shields supplied. Structural al. 


digging to any depth through shifting ground such as sand me Se 
e 
mixed with water. i 


Illustrated brochure will be despatched to you on request. Write or phone any query to 


ad y n f oO ar d L i mM : t e d Foundation Engineers 


Patentees 


74 LANCASTER ROAD, STROUD GREEN, LONDON, N.4. Tel: ARChway 6216/7 


Connect up with Bolts... 


RICHARDS High Strength Friction-grip Bolts have many solid 
advantages over other methods of fastening. Interchangeability, simplified 
equipment, less noise and no fire risk are but a few. 

Steelwork goes up quicker and labour costs are lower since only 
two men are required for bolting. Greater strength too is achieved due 


to the higher clamping force made possible with bolts. 


RICHARDS 


high strength friction grip bolts 


CHARLES RICHARDS & SONS LTD., P.O. BOX No. 23, DARLASTON, WEDNESBURY, SOUTH STAFFS 
Phone ; James Bridge 3188 (8 lines) P.B.X. Wires : ‘RICHARDS’ Darlaston 
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LARGE 
STRANDS 


| for 
> Prestressed 


concrete 
£ BG 


WE ALSO MANUFACTURE 


SMALL 
STRANDS 


and plain, indented or radially 


crimped wires 


Brothers Limited 


Werk Rot NG TO N 
ENGLAND 
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Preferred by constructional engineers 
for their unchanging supremacy, Stent 
Precast Concrete Piles have proved 
their qualities wherever used. 
STANDARD SIZES 


I2in. x 12in. in lengths I5ft. to 40ft. 
I4in. x 14in. in lengths [5 ft. to 55 ft. 


Other sizes made to order. 


AVAILABLE FOR IMMEDIATE 
DELIVERY 


May we forward full details. 


STENT PRECAST CONCRETE LTD. 


Chequers Lane, Dagenham Dock, Essex. Dominion 0971 


GRADE “R” 
HIGH STRENGTH 


Now used by Structural Engineers as 
an alternative to Rivets or Mild Steel 
Nuts and Bolts. 


They give a pre-determined clamping effect 
and are not loosened by vibration. 


Assembly of pre-fabricated structures on 
site, Is speeded up. 


No heavy riveting equipment Is required 
and the absence of noise enables assembly 
to be done at night. 


Assembly consisting of a Heat Treated 
Bolt and Medium Tensile Nut and Two 
hardened Washers. 


W MARTIN WINN LTD. 
DARLASTON * S. STAFFS. 


Telephone : JAMES BRIDGE 2072 (5 lines). 
Telegrams : ACCURACY, DARLASTON. 
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WINTER & 
WORSFOLD, 


Respectfully offer 
you a 
Design Sewice 


to plan and execute 


the typography and design of 


BOOKS 
ADVERTISING MATTER 
AND COMMERCIAL PRINTING 


Winter & Worsiold, Ltd. 


EAST DOWN WORKS, 
29 DERMODY ROAD, 


LEWISHAM, S.E.13 
e 


Tel: Lee Green 3488 
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CONCRETE SHUTTERING 


STRUCTURAL DESIGN 
FREEDOM 


Canadian Douglas Fir Plywood is an excellent, low-cost 
material for shuttering work. Large 8’ x 4’ panels can provide 
unbroken concrete surfaces and reduce the amount of 
complicated joinery often necessary with concrete form work. 
Shuttering made with Fir Plywood is economical because it 
can be used many times. It stands up to rugged outdoor 
use. Only 100% waterproof and boilproof glue is used in the 
production of Fir Plywood edge-marked PMBC EXTERIOR. 
Forintricate forms or forconventional shuttering, lightweight, 
waterproof glue Fir Plywood saves money for the builder. 


ae lay Tm 


Canadian Fir Plywood shuttering is used on the construction 
of many bridges like this one where low cost and fine finish 
are important. There are many grades and thicknesses of 
Fir Plywood to suit all concrete form and construction jobs. 


ia 
ANAUIAN 
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DOUGLAS FIR PLYWOOD 


For technical data on Canadian Fir 
FIR PLYWOOD MARKED 


Plywood, write to the ! 
PLYWOOD MANUFACTURERS ASSOCIATION OF l (_PMBC EXTERIOR ) 
| | 


BRITISH COLUMBIA HAS WATERPROOF GLUE 
4 Carmelite Street, London, E.C.4. ES a ae a pe a 
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HOR III IIHR I 
A problem 
above your head? 


This Journal 


is printed 


and bound by 


W.H. 
HOULDERSHAW 


PU Mice 
a 
PRINTERS 
STATIONERS 
BOOKBINDERS 
AND 
DIE-STAMPERS 


PATENT GLAZING 49-55 LONDON ROAD 
We have a fully qualified staff of technical experts ready SOUTHEND-ON-SEA 


to help you solve any roofing problems, either for new 
or existing buildings. EF S S F Mi 


Why not let us make a survey and submit detailed draw- 
ings, entirely without obligation. 

Further information forwarded on request for any of the TELEPHONE SOUTHEND 48131 /2 
following :— 


Patent Glazing, Lantern Lights, Metal Casements, Light 
Constructional Steel Work, Stripping and Recovering 
Old Roofs, Canopies, Asbestos Sheeting, Insulation. 


*FURNISS PATENT GLAZING WILL MAKE a ae 
LIGHT OF YOUR ROOFING PROBLEMS 


FURNISS & COQ. 


Queens Mill Road, Folly Hall, Huddersfield, Yorks. 
Tel: Huddersfield 4567. 
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Goal conveyor trestles and tunnels 


for North Thames Gas Board at Beckton Gas Works 


ENGINEERS North Thames Gas Board London SWI 


asin ——————————EE 


4 


50 ft. high trestles and tower 
with 450 ft. long x 12 ft. 
high hyperbolic tunnel in 


reinforced concrete and 


carried on prestressed piles. 


Concrete Piling Ltd CIVIL ENGINEERING CONTRACTORS 


10 WESTMINSTER PALACE GARDENS 


ARTILLERY ROW LONDON SWI PHONE: ABBEY 1626/7 


P2531 
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OMNIA Concrete Floors installed in the 
ATV Headquarters building 

at the remarkable rate of 

9,000 square feet every 10 days. 


BSN! OEE ATV House, London, has nearly 100,000 square 
Great Cumberland Place, London, W.1. ' : 2 

160,006 square’ fect on ix Klooxs, feet of Omnia slabs on six Floors with spans up 
Architect: Lewis Solomon, Kaye & Partners. to 26 feet. Large areas of ceiling are completely 


Engineers: John De Bremaeker & Partners. 


free from downstanding beams, giving pleasant 
Contractor: George Wimpey & Co. Ltd. 


hig or small rooms and ease of partitioning. 

The Omnia Floor copes equally well with large 
projects like this and with the very smallest 
building. It consists of factory-made reinforced 
planks, and hollow concrete blocks, together with 
on-site concrete, and is unique in combining the 
advantages of pre-cast and in-situ techniques. 


Light in weight, yet monolithic 
Uninterrupted floors and soffits 

Needs no shuttering 

Easy to transport and handle 

Quick and simple to erect 

Spans up to 40ft. Adaptable in design 
Economical in manufacture and installation 


OMNIA CONSTRUCTIONS LIMITED, 121 London Wall, London E.C.2. Monarch 2272/6 
The OMNIA Concrete Floor is available in all parts of _COWLEY CONCRETE CO. LTD., ABINGDON 


the country from fifteen Omnia Licensees : DERWENT CAST STONE CO. LTD., MALTON 
DUNBRIK (YORKS.) LTD., LEEDS 

THE ATLAS STONE CO. LTD., LONDON EDENHALL CONCRETE PRODUCTS LTD., PENRITH 

THE BLOKCRETE CO. LTD., SOUTHAMPTON HY DRA ae sae 


JAMES K. MILLAR LTD., FALKIRK 


F. BRADFORD & CO. LTD., EDMONTON 
BRADLEYS (CONCRETE) LTD., DARLASTON PRESTATYN PRECAST CONCRETE CO. Bey 


G. W. BRUCE LTD., ABERDEEN ST. IVES SAND & GRAVEL CO. LTD., HUNTS 
T. C. CAMPBELL LTD., NOTTINGHAM SAMUEL TYZACK & CO. LTD., SUNDERLAND 
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OFFICIAL APPOINTMENTS 


A full time course consisting of lectures, laboratory and drawing 
office work. Leading to the diploma in Building Science will be 
offered by the University in Session 1960-61. The course will 
extend over three terms commencing in October, 1960. Appli- 
cations for admission are invited from persons of graduate status 
in Civil Engineering, Architecture or Building. Further parti- 
culars may be obtained from the Registrar, The University, 
Liverpool, 3. 


ENGINEERING Assistants experienced in the design of reinforced 
concrete bridges and other structures and capable of supervising 
Drawing Office Staff, are required to fill vacancies in both the 
Senior Engineering Assistant and Group ‘ C’ posts in the salary 
ranges of £1,045 to £1,095 and £990 to £1,034 respectively. 
Superannuation fund; reduced rates of travel and other 
concessions. Five day week. Applications giving qualifications, 
age and experience to Chief Civil Engineer, British Railways, 
Western Region, Paddington Station, London, W.2. 


ROAD Research Laboratory (D.S.I.R.) Harmondsworth, Middle- 
sex, requires Civil Engineers, Physicists, Mathematicians, 
Statisticians in the Senior Scientific/Scientific Officer grades, 
for work in Tropical Section of R.R.L., as follows: (a) Civil 
Engineers and Physicists for work on problems of soil mechanics, 
road construction and maintenance in overseas territories ; 
(b) Civil Engineers, Mathematicians and Statisticians for work 
on road traffic and transport, and on road safety problems of 
overseas territories. Work based at Road Research Laboratory 
at Harmondsworth, and involves regular visits to overseas 
territories, with, in some cases, postings to overseas territories 
for periods of one to two years on specific projects. Qualifications : 
first or second class Hons. degree. At least three years post grad- 
uate experience required for S.S.O. (minimum age 26). Starting 
salaries with range S.S.O. £1,233 to £1,460, S.O. £655 to £1,150. 
Normal prospects of promotion to Principal Scientific Officer in 
mid-thirties (range up to £2,120) with possibilities of higher posts. 
Five day week. Applications from overseas candidates will 
be considered. Forms from the Ministry of Labour, Technical 
and Scientific Register (K), 26, King Street, London, S.W.1, 
quoting E.450/9A. 


CLASSIFIED ADVERTISEMENTS 


The rate per word is 1/- 


2 in. SEM1 DISPLAY... oe eto Osten Ode 
Syahe ae ae tat £8 10s. Od. 
4 in. 55 Ra Reha Lia OS. Ode 


SITUATIONS VACANT 


ASSISTANT Designer/Detailers, Detailer/Draughtsmen and 
Trainee/Draughtsmen required for interesting work on varied 
types of reinforced concrete structures. Five day week. 
Luncheon Vouchers. Apply with usual details to John F. 
Farquharson & Partners, Chartered Structural Engineers, 
34, Queen Anne Street, London, W.1. LANgham 6081. 


ASSISTANT Structural Engineer experienced design and detailing 
R.C. and steel required in newly-formed structural department 
of established Westminster Consultants. Write stating age, 
experience and salary to Robert F. Earley & Partners, 39, 
Victoria Street, S.W.1. 
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CONSULTING Engineers have vacancy for Resident Engineer 
on interesting city development. Applicants should be qualified 
as position is one of responsibility. Bylander, Waddell & 
Partners, 169, Wembley Park Drive, Wembley. 


CIVIL and/or STRUCTURAL ENGINEERS 
needed by Consulting Engineers in Victoria Street. 


Applicants must be qualified, have experience in 
design and site work, be able to think for themselves, be 
clear on fundamentals of structures and be keen to take 
jobs right through under appropriate supervision. 


The practice deals with all forms of structure, metal, 
concrete, timber, etc., and has a particularly extensive 
experience in prestressing. 


The pension scheme is particularly attractive to men 
with young families and pay is dependent upon ability, 
effort and usefulness to the firm. 


Please do not apply unless you are really keen on civil 
and structural engineering : this is an opportunity, but 
not one for getting through five days a week as idly as 
possible. 


Please apply to The Pre-Stressed Concrete Associates, 
171, Victoria Street, London, S.W.1. 


British Insulated Callender’s 
Construction Co. Ltd. 


STRUCTURAL DESIGNERS 


accustomed to the competitive design of steel structures 
are urgently required for work on high radio masts and 
towers and supporting towers for overhead transmission 
lines. Previous experience in this work is not essential 
but applicants must be able to analyse complex structures 
and understand the problems associated with steel 


frameworks. 
BRIDGE DESIGNER 


We have a good opening under direction of Corporate 
Members I.C.E. for a young engineer with a flair for 
precision detailing of quantity-produced steelwork and 
components, to interpret accurately British and foreign 
design specifications. Willingness to undertake occasional 
overseas assignments, including supervision of installation 
work, necessary. 


STRUCTURAL DETAIL DRAUGHTSMEN 


are required for work on steel towers and standardised 
bridges. 

The above are permanent appointments to Head Office 
staff in Central London and carry generous salaries 
consistent with age and experience. 


Write or telephone : 
STAFF OFFICER, 
30, Leicester Square, London, W.C.2. Trafalgar 7777. 


CONSULTING Engineers require capable assistants in their 
London office. Interesting and varied work on reinforced 
concrete and steel structures and foundation work for projects 
at home and overseas. Five day week, luncheon vouchers. 
Apply giving full particulars to Maurice Nachshen & Partners, 


58, Victoria Street, S.W.1. 
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DRAUGHTSMEN 


SIMON - CARVES LTD., 


have vacancies in their Mayfair Design Offices for Civil Engineering Staff for work on 
the design of Nuclear Power Stations for home and overseas markets : 


(a) DESIGN DRAUGHTSMEN — STRUCTURAL 


Candidates must have previous experience of designing and detailing heavy, reinforced 
concrete structures. (Ref. XA7). 


(b) DESIGN DRAUGHTSMEN—CIVIL ENGINEERING 


Applicants must have experience in the design of effluent treatment systems, drainage, 
roads and other site works. (Ref. XAS8). 


Applicants should be of H.N.C. standard. These posts are permanent and pensionable, 
Starting salaries in accordance with experience and qualifications, Good prospects 


and working conditions, five-day week, three weeks annual holiday. 


Send brief details, quoting appropriate ref. number to Staff & Training Division, SIMON- 
CARVES LTD., Cheadle Heath, Stockport, Cheshire. 
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SITUATIONS VACANT-—continued 


EXPERIENCED reinforced concrete designer/detailers, preferably 
A.M.1.Struct.E., with several years experience. Salary according 
to qualifications and experience, but not less than £900 p.a. 
Interesting and varied work, with good prospects. Luncheon 
vouchers are provided, and there is a pension scheme. Apply 
in writing to Husband & Co., Consulting Engineers, 58, Victoria 
Street, London, S.W.1. 


FIRST class opportunity for experienced outside Supervisor. 
Must have previous experience in the erection of steel framed 
Office Blocks, Factories, etc., able to handle site labour, contracts 
up to 2,000 tons. Fully conversant with plumbing and lining 
buildings and attending site meetings. Pension scheme in 
operation. All applications will be treated in the strictest 
confidence. Write in first instance to Box 9089, sTRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 


GRADUATE Structural Engineer required in Laboratory of 
Reinforced Concrete Engineers to develop research into 
structural and allied materials problems. This post offers an 
opportunity to a young man wishing to develop his practical 
and theoretical knowledge and at the same time build up a 
business. Apply to Chief Engineer, Square Grip Reinforcement 
Co. Ltd., Colnbrook-by-Pass, Nr. Slough, Bucks. Tel. Coln- 
brook 2271. 


REGIONAL Engineer required to control group of design offices 
in Northern England and Scotland. Experience of R.C. design 
and at least five years site or office management with ability to 
develop top level and professional contacts. A challenging 
opportunity for a commercially-minded engineer in an expanding 
group of companies. Applications in detail to K. C. Griffiths, 


The Square Grip Reinforcement Co. Ltd., 7, Park Circus Place, 
Glasgow. 


CLASSIFIED ADVERTISEMENTS 


The rate per word is 1/- 


2 in. SEMI DISPLAY £6 Os. Od. 
3 in es £8 10s. Od. 
4 in oF £11 > Os: Oat 


REINFORCED concrete designer/detailer required by progressive 
designers/contractors. Interesting work in all types of insitu, 
precast, reinforced and prestressed structures. Applicants 
must be keen, quick, neat and accurate with at least five years 
D.O. experience. Apply Fram Reinforced Concrete Co, Ltd., 
165, Plymouth Grove, Manchester, 13. 


REINFORCED concrete detailer/draughtsmen with knowledge 
of building construction required by pre-cast concrete specialists 
at their head office near Guildford. Varied work with good 
prospects, superannuation and a commencing salary within 
the £600 to £800 p.a. range, according to qualifications and 
experience. Apply to The Senior Structural Engineer, Marley 
Concrete Ltd., Peasmarsh, Guildford, Surrey. 


R.C. DESIGNER/detailers and detailers required in Hammersmith 
office of Consulting Engineers. High salaries and good prospects 
with interesting work. Five day week; Pension Scheme; 
Holiday arrangements honoured. Apply in confidence with full 
details of experience and salary required to Alan Marshall & 
Partners, Federal House, 2, Down Place, W.6. Tel. RIVerside 
8771. 


June, 1960 


SITUATIONS VACANT-—continued 


REINFORCED CONCRETE.—Applications are invited for 
the following permanent and progressive appointments 
to our staff for a large and varied programme of reinforced 
and prestressed concrete work : 


Design Engineers.—Chartered Structural or Civil Engineers 
with several years’ experience in design. 


Designer/detailers.—Capable of quick, accurate design and 
detailing from outline schemes. 


Designer/detailer.—Experienced in precast concrete work. 
Capable of taking responsibility for section engaged on 
precast frames and floors, and for supervising work 
through factory. Ability to design frames and supervise 
details essential. 


Excellent working conditions in new offices near 
Manchester. Good salaries plus annual bonus, super- 
annuation, three weeks holiday. Written applications to : 


Matthews & Mumby Ltd., 
Oldham Street, 


Denton, 
Manchester. 


R.C. detailers required for London Professional Office. The 
work is varied and offers opportunities for gaining design 
experience. Excellent prospects for men wishing to advance. 
Five day week. Please apply giving full details to Farmer & 
Dark, Romney House, Tufton Street, S.W.1. 


REINFORCED concrete engineers and detailer/draughtsmen 
required urgently for consulting engineers. Permanent position, 
excellent prospects. Pension scheme. Clarke, Nicholls & Marcel, 
27, Westbourne Grove, W.2. Telephone Bayswater 8981 for 
appointment. 


REINFORCED Concrete Specialist Firm requires Designer/ 
Detailers. Interesting and varied work, luncheon vouchers, 
etc. Only experienced men need apply.—Write The Reinforced 
Concrete Steel Co., Ltd., 54, Victoria Street, S.W.1. 


SENIOR Engineer required for London Professional Office. 
Must have professional qualifications and at least five years 
design experience in structural reinforced concrete. Knowledge 
of steelwork an advantage. Age limit 30 to 40. Candidates 
should be capable of handling contracts from start to finish 
and able to control staff. The work is varied and offers scope 
for initiative. A good salary will be offered. Apply stating 
experience and salary required to Farmer & Dark, Romney 
House, Tufton Street, S.W.1. 


STRUCTURAL concrete and steelwork designers and detailers 
required by a young expanding consulting engineer’s office in 
Victoria district. Write stating age, experience and salary 
expected to Box 9091, stRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 


SOUTH London Consulting Engineers require experienced 
reinforced concrete engineers, designer/draughtsmen and de- 
tailers. Applicants should have a minimum experience of 
three years in position applied for. Salary commensurate with 
experience and ability. Luncheon vouchers and Five day week. 
Please write giving details of age, qualifications and experience 
to Messrs. Leonard & Grant, 344, South Lambeth Road, S.W.8. 


STAFF required for Consulting Structural Engineer’s office. 
Senior and Junior Engineers and Detailers, experienced in 
R.C. framed structures. Five day week. L.V. Apply in 
writing to Felix J. Samuely and Partners, 231-233, Gower 
Street, London, N.W.1., stating age, experience and salary 
required. ; 


Jl 


George Cooper & Sons 


PROPRIETORS THOS. W. WARD LTD. 
EFFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams: COOPER 


CZ 


TOP MEN 


We have been retained to advise on the following 
appointments :— 


STRUCTURAL ENGINEERING 


DETAILING DRAUGHTSMEN with good experience of 
welded and riveted single and multi storey steel buildings. 
Hoppers, Bunkers, Crane Gantries, etc. 


ESTIMATING DRAUGHTSMEN with some experience in 
design on steel frame work, to prepare estimate drawings 
and quantities. 


Both these appointments are with an old established 
Midlands Company, and offer excellent prospects of early 
promotion to men able to accept responsibility. In 
addition to a good salary, the Company offers Profit 
sharing and Pension Schemes. 


Applications which are strictly confidential should be 
addressed to : 
H. Jackson & Partners Ltd., 
Management Consultants, 
109, Colmore Row, 
Birmingham, 3. 


STRUCTURAL Designer fully experienced in design of heavy 
structures, bunkers, etc., associated with steelworks plant. Must 
be capable of complete design with the minimum of supervision. 
Minimum age 30 years and H.N.C. certificate or equivalent 
minimum qualification. Good salary, five day week, three weeks 
holiday, luncheon vouchers and pension scheme. Applications 
to be addressed to Staff Dept., Huntington, Heberlein & Co. Ltd., 
28-29, Dover Street, London, W.1. 


RY 
SITUATIONS VACANT-continued 


STRUCTURAL Engineer required by a firm of architects and 
engineers engaged on the investigation into the use of new 
methods of design and the use of new materials for prefabri- 
cated buildings of up to 100 feet span or four storeys high. 
The practice also includes a large amount of traditional 
structural and civil engineering work, Pension scheme, luncheon 
vouchers and three to four weeks holiday. Please apply to 
B. H. Fisher of A. M. Gear & Associates, 12, Manchester Square, 
W.1. Phone Hunter 0331. 


STRUCTURAL Engineers (qualified and experienced) required 
by Consulting Engineers dealing with steel and reinforced 
concrete structures. Five day week and luncheon vouchers are 
provided. Salary £1,000 p.a. to suitable applicants. Apply in 
writing with full details to Andrews, Kent & Stone, 60, Wardour 
Street, London, W.1. 


STRUCTURAL Engineering assistant required for West End 
Office of Consulting Engineers who invite applications from 
qualified men, A.M.1I.Struct.E., or equal experienced in the 
design of reinforced concrete and/or steel framed buildings. 
Salary £1,250 to £1,500. State age, experience and salary 
required to Box 9090, STRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 


STRUCTURAL Steelwork designer with a good knowledge of 
light structures as well as conventional steel design required by 
Consulting Engineers. Five day week, pension scheme, holiday 
arrangements honoured. Apply stating full details of experience 
and salary required to Alan Marshall & Partners, Federal 
House, Down Place, W.6. 


The Structural Engineer 


GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors, Also courses in all aspects of Building, Engi- 
neering, Draughtsmanship, etc. No books to buy. Write for 
FREE Prospectus stating subject to I.C.S., Intertext House, 
Parkgate Road (Dept. 423), London, $.W.11. 


FOR SALE 

BERRY Double Geared Double Ended Punching, Shearing and 
Angle Cropping Machine for sale. Punches 1” dia. hole through 
1” thick. Largest diameter hole 13”. Depth of gap 254”. Shears 
plates up to 1” thick. Length of blades 17}”. Depth of shear 
gap 25)”. Crops angles up to 6” x 6”. Arranged motor drive 
400/3/50. Complete with 30cwt. overhead gantry at each 
end and two tackle trolleys. Weight about 12} tons. F. J. 
Edwards Ltd., 359, Euston Road, London, N.W.1, or 41, Water 
Street, Birmingham, 3. 


FOR HIRE 
LATTICE Steel erection masts (light and heavy), 30 ft. to 150 ft. 
high, for immediate hire. Bellman’s, 21, Hobart House, Gros- 
venor Place, S.W.1. 


SHOTBLASTING 
SHOTBLASTING, Metal Spraying, Coating. Epikote, Araldite, 
P.T.F.E., P.T.F.C.E., Polythene, P.V.C., Neoprene and Hypalon 
coatings applied on site or at works. Loyne Ltd., Margaret 
Street, Ashton-under-Lyne, Lancs. Tel. ASH 4551/2/3. 
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